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I l5SEIy®ir1% that this p^er (along with any paper referred to as being attached or enclosed) is being deposited with the United States Postal 
Service on the date shown below with sufficient postage as first class mail in an envelope addressed to the: Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450. 

Stephen B. Davis 

Type or print name / " Signature Date 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



IN RE APPLICATION OF 
ZAHLERETAL. 
PATENT NO': 5,206,244 
ISSUED: APRIL 27, 1993 

FOR: HYDROXYMETHYL (METHYLENECYCLOPENTYL) PURINES 
AND PYRIMIDINES 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

REOUEST FOR TERM EXTENSION 

Sir: ; 

i 

The following request for an extension of the patent term is made under 35 U.S.C. §156. In 
accordance with this statute and 37 C.F.R. §1.740 the following information is provided. 

(1) The approved products are Baraclude'^^ (entecavir) 0.5 mg and 1 .0 mg Film Coated Tablets 
and Baraclude™ (entecavir) 0.05 mg/ml Oral Solution for the treatment of adults with 
chronic hepatitis B infection with evidence of active viral replication and either evidence of 
persistent elevations in serum aminotransferases (ALT or AST) or histologically active 
disease. The chemical name for entecavir is 2-amino- 

I? FC- 145? 1128.88 DA 
3-(hydroxymethyl)-2-methylenecyclopentyl]-6i7-purin-W-ontf, monohydrate. Its molecular 

formula is Ci2Hi5N503»H20, which corresponds to a molecular weight of 295.3. Entecavir 

has the following structural formula: 
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(2) Regulatory review occurred under the Federal Food, Drug, and Cosmetic Act, Section 505 
(Title 2 1 of the Code of Federal Regulations). 

(3) Approval to market was received on March 29, 2005. 

(4) The only active ingredient in both Baraclude™ 0.5 mg and 1 .0 mg Film Coated Tablets and 
Baraclude™ 0.05 mg/ml Oral Solution is entecavir. Entecavir has not been previously 
approved for commercial marketing or use under the Federal Food, Drug, and Cosmetic Act, 
the Public Health Service Act, or the Virus-Serum-Toxin Act. 

(5) This application is being submitted within the sixty day period permitted for submission 
pursuant to 37 C.F.R. § 1 .720(f) and the last day on which the application could be submitted 
isMay 28, 2005. 

(6) Extension is requested of U.S. Patent 5,206,244 of Robert Zahler and William A. Slusarchyk 
which issued on April 27, 1993 to E.R. Squibb & Sons, Inc. and is now assigned to Bristol- 
Myers Squibb Company by virtue of an assignment recorded on September 16, 2004 at 
Reel/Frame: 015778/0662. The expiration date of U.S. Patent 5,206,244 is October 18, 2010. 

(7) A copy of U.S. Patent 5,206,244 is attached. 
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(8) A copy of the Maintenance Fee Statements for years 4, 8 and 12 are attached for U.S. Patent 
5,206,244. Also attached is a copy of a pending certificate of correction. 

(9) U.S. Patent 5,206,244 claims entecavir which is the active ingredient in the approved 
Baraclude™ 0.5 mg and 1.0 mg Film Coated Tablets and Baraclude'^^ 0.05 mg/ml Oral 
Solution products. 

Entecavir is covered by independent claim 1 of U.S. Patent 5,206,244 which claims 
compounds of the formula 




H H 

O 

. N^N^NH2 

wherein Ri can be ' , 

can be hydrogen, and R7 can be hydrogen. 



Entecavir is covered by dependent claim 2 (depends from claiml) of U.S. Patent 5,206,244 
o 

wherein Ri is ' 



Entecavir is covered by dependent claim 3 (depends from claim 1) of U.S. Patent 5,206,244 
wherein Re and R7 are independently hydrogen. 

Entecavir is covered by dependent claim 4 (depends from claim 1) of U.S. Patent 5,206,244 
wherein and R7 are independently hydrogen. 
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Entecavir is covered by dependent claim 5 (depends from claim 1) of U.S. Patent 5,206,244 
wherein Re and R7 are hydrogen. 

Entecavir is covered by dependent claim 6 (depends from claim 1) of U.S. Patent 5,206,244 
0 



wherein Ri is 




Entecavir is covered by dependent claim 8 (depends from claim 1) of U.S. Patent 5,206,244 
reciting the chemical name [lS-(la,3a,4p)]-2-amino-l,9-dihydro-9-[4-hydroxy-3- 
(hydroxymethyl)-2-methylenecyclopentyl]-6H-piirin-6-one. 
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( 1 0)(i)(A) The effective date of the investigational new drug (IND) application for entecavir was 
January 1 9, 1 997, 30 days after receipt of the IND on December 20, 1 996. The IND 
was assigned the number 52,196. 

(B) New drug application(s) for entecavir were submitted on September 29, 2004. The 
NDA for Baraclude'^'^ (entecavir) 0.5 mg and 1 .0 mg Film Coated Tablets was 
assigned NDA 21-797 and Baraclude™ (entecavir) 0.05 mg/ml Oral Solution was 
assigned NDA 21-798. 

(C) NDA 2 1 -797 and NDA 2 1 -798 were both approved on March 29, 2005. 
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The following activities were undertaken by Bristol-Myers Squibb Company during the 
regulatory review period: 



Date 


Brief Description of the Activity j 


December 20, 1996 


Submission of initial IND application 


January 21, 1997 


Submission of requested manufacturing information 


January 22, 1997 


Clarification of study design and copy of consent form 


January 28, 1997 


Teleconference to discuss clinical comments 


February 11, 1997 


Submission of Protocol AI 463-001, Amendment 1, Randomized, 
double-blind, placebo-controlled, single dose, dose-escalation study 
of the safety and pharmacokinetics of entecavir in healthy volunteers 


April 7, 1997 


Submission of interim report on Protocol AI 463-001 and draft AI 
463-002 Protocol revised Clinical Investigational Plan 


May 15, 1997 


Submission of Fetal Toxicity in Rabbits Studies No. 97018 and 
97010 


May 29, 1997 


Submission of Report on Study 96029 Two Week Oral Toxicity 
Study in Dogs, 

Report on Study 96044 Two Week Palatability Study in Mice, 

Report on Study 96045 Two Week Palatability Study in Rats, 

Report on Study 17974-0-485R In Vitro Transformation of Syrian 
Hamster Embryo Cells, 

Report on Study 96059 Ten Day Oral Range-Finding Study in 
Pregnant Rats (I), 

Report on Study 97009 Ten Day Oral Range-Finding Study in 
Pregnant Rats (II), 

Report on Study 96060 Thirteen Day Oral Range Finding Study in 
Pregnant Rabbits, 

Report on Study 96028 Two Week Oral Toxicity Study in Rats 


June 30, 1997 


Submission of Protocol AI 463-003, Assessment of the effect of a 
standard high fat meal on the oral bioavailability of entecavir in 
healthy subjects 


August 6, 1997 


Submission of Safety and PK Data Review for Protocol AI 463-002 


September 9, 1997 


Submission of the summary of results for the 3 months oral toxicity 
study in dogs 
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Date 


Brief Description of the Activity 


October 7, 1997 


Submission of the following: 

Quantitative Determination of Entecavir in Mouse EDTA Plasma by 
HPLC with Fluorescence Detection, 

Unaudited Draft Report on Study Protocol 97202 Three Month Oral 
Toxicity Study in Dogs, 

Unaudited Draft Report on Study Protocol HLS 96-2499 Three 
Month Dietary Range Finding Study in Rats, 

Report on Study Protocol HLS 96-2498 Three Month Dietary Range 
Finding Study in Mice, 

Quantitative Determination of Entecavir in Rabbit EDTA Plasma by 
HPLC with Fluorescence Detection, 

Maintenance therapy with Entecavir in the Woodchuck Model of 
Chronic Hepatitis B Infection, 

Report on Study Protocol 97010 Entecavir Oral Study of Embryo- 
Fetal Development in Rats, 

Report on Study Protocol 97018 Entecavir Oral Study of Embryo , 
Fetal Development in Rabbits, 

Report on Study Protocol 97014 Entecavir Two Week Oral 
Investigative Pathology Study in Rats, 

Unaudited Draft Report on Study Protocol 97007 Entecavir Three 
Month Dietary Range Finding Study in Mice, 

Unaudited Draft Report on Study Protocol 97001 Entecavir Three 
Month Dietary Toxicity Study in Rats, 

Unaudited Draft Report on Study Protocol 97202 Entecavir Three 
Month Oral Toxicity Study in Dogs 
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Date 


Brief Description of the Activity 


October 9, 1997 


Report on Study Protocol 97010 Entecavir Oral Study of Embryo- 
Fetal Development in Rats, 

Revised protocol outline for AI 463-004, 

Report on Study Protocol 97018 Entecavir Oral Study of Embryo- 
Fetal Development in Rabbits, 

Unaudited Draft Report on Study Protocol 97007 Entecavir Three 
Month Dietary Range Finding Study in Mice, 

Unaudited Draft Report on Study Protocol 97202 Three Month Oral 
Toxicity Study in Dogs, 

Unaudited Draft Report on Study Protocol 97001 Entecavir Three 
Month Dietary Toxicity Study in Rats 


October 21, 1997 


Submission of Interim Report on Protocol AI 463-002, Randomized, 
Double-Blind, Placebo-Controlled, Multi-Dose, Dose Escalation 
Study of the Safety and Pharmacokinetics of Entecavir in Healthy 
Volunteers, 

Submission of Protocol AI 463-004, a Pilot Randomized, Double- 
Blind, Placebo-Controlled, Dose Escalation Study of the Safety and 
Antiviral Activity of Oral Entecavir in Adults Chronically Infected 
with Hepatitis B Virus 


October 30, 1997 


Receipt of Clinical Hold Letter 


November 3, 4, 6, 
10, 20, and 
December 1, 1997 


Discussions Regarding the Clinical Hold and toxicology plans . 
regarding Protocol AI 463-002 


December 3, 1997 


Submission of Protocol Study 97049 One Year Oral Toxicity Study 
in Monkeys, 

Submission of Protocol Study 97039 Six Month Oral Toxicity Study 
in Rats, 

Submission of Protocol Study 97047 Three Month Oral Investigative 
Study in Dogs 

Submission of Protocol Study 97046 Three Month Oral Range 
Finding Study in Mice 


May 11, 1998 


Submission of Method of Manufacture, Specifications, Solid state 
drug substance forms, FDA Form 1571 
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Date 


Brief Description of the Activity 


May 14, 1998 


Submission of Final Report on Protocol AI 463-001 and AI 463-002, 
Quantitative determination of Entecavir in Human EDTA Plasma 
and Urine, 

Long term stability of entecavir in rat and dog EDTA Plasma at 
20^C, 

Pharmacokinetics of Entecavir in Woodchucks following oral 
administration, 

Report on Study Protocol 97032 Single dose Oral Toxicokinetics 
Study in Mice, 

Evaluation of Entecavir for Anti-Hepadnaviral activity in DHBV- 
Infected Ducklings, 

Report on Study Protocol 97007 Three Month Range Finding Study 
in Mice, 

Report on Study Protocol 97001 Entecavir Three Month Dietary 
Toxicity Study in Rats, 

Unaudited Draft Report on Study 97047 Entecavir Three Month 
Oral Investigative Study in Dogs, 

P.eport on Study Protocol 97202 Entecavir Three Month Oral 
Toxicity Study in Dogs, 

Report on Study Protocol 97049 Three Month Interim Evaluation, 

Unaudited Draft Toxicokirietic Report for Entecavir, One Year Oral 
Toxicity Study in Monkeys, 

Report on Study Protocol 97010 Entecavir Oral Study of Embryo- 

*Ff=*t5*l Hf^i/'f'lfM^TYiPTit in rate 

IdCtl UCVdUpilidlL ill iCtlo, 

Report on Study Protocol 97029 Entecavir One Week oral 
toxicokinetics study in pregnant rabbits 


June 10, 1998 


Removal of Clinical Hold by FDA 


August 25, 1998 


Submission of 0.1 mg capsule formulation. Drug product 
composition, labeling, manufacturer information, method of 
manufacture and packaging, specifications and analytical methods 
for drug product 
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1 Date 


Brief Description of the Activity 


October 19, 1998 


Submission of Study Report for Protocol 97046 Entecavir Six 
Month Oral-range finding study in mice, 

Submission of Study Report for Protocol 97039 Entecavir Six 
Month Oral toxicity study in rats, 

Submission of Study Report for Protocol 97047 Entecavir Three 
Month Oral Investigative study in dogs 


November 13, 1998 


Submission of Protocol AI 463-004, Amendment 1, a Pilot 
Randomized, Double-Blind, Placebo-controlled, dose escalation 
study of the safety and antiviral activity of oral entecavir in adults 

pfironipflllv infpptpH with hpnatiti^ R vini^ 




^iiVimiQ^inn Prpliminarv Snrhmarv nf Rpsiilt^ for pnfpravir 91 y 

month oral range-finding study in mice 


\A^rrh 17 1 QOO 


^iiKmiccinn Prr*tr*rnl AT 4^^-004 AmpnHmPTit^ 9 7\T\c\ 

OUUllllOOlL/il yjL IT IVJLUwUl / il "\J*/ xUll^JllU-lllWllLO ^ CUlU J 


April 23, 1999 


Submission of Protocol AI 463-004, Amendment 4 and Revision 3 


June 22, 1999 


Submission of Report on Study Protocol 98032 Entecavir Six Month 
Oral Range-Finding Study in Mice 


July 13, 1999 


Submission of In Vitro determination of mouse, rat, dog, monkey, 
and human semm protein binding and'or red blood cell distribution 
of (1 4C)-entecavir, 

Submission of Report on Study Protocol 6108/304 Tissue 
distribution of radioactivity in rats following a single oral 
administration of ( 1 4C)-entecavir, 

Submission of Protocol 99013 Entecavir one week oral 
toxicokinetics study in mice, 

Submission of Protocol 97049 Toxicokinetic analysis of entecavir in 
one year oral toxicity study in monkeys 


July 22, 1999 


Submission of Review package which includes protocols for two 
year carcinogenicity studies of entecavir in mice and rats and a 
listing of all toxicology reports submitted to the IND 


August 6, 1999 


Submission of Protocol AI 463-005, Phase II study of the safety and 
antiviral activity of entecavir versus lamivudine in adults with 
chronic hepatitis B infection (non-IND study - informational 
purposes). 

Submission of Protocol AI 463-007, A Phase II Entecavir study of 
the safety and antiviral activity of oral entecavir in chronic hepatitis 
B subjects who have completed AI 463-004 
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Date 


Brief Description of the Activity 


October?, 1999 


Submission of Protocol AI 463-003 Assessment of the effect of a 
standard high fat meal on the oral bioavailability of entecavir in 
healthy subjects, 

Submission of a study to assess the potential for inhibition of 
cytochrome P4502D6-catalyzed bufuralol 1 -hydroxylase activity by 
entecavir, 

Submission of a study to assess the potential for inhibition of 
cytochrome P4503A4-catalyzed testosterone 6-beta-hydroxylase 
activity by entecavir, 

Quantitative determination of entecavir in dog, monkey, rat and 
mouse plasma and cerebrospinal fluid by LC/MS/MS, 

Submission of Protocol 99013 Toxicokinetic analysis of entecavir in 
a one week oral toxicokinetics study in mice, 

Submission of Protocol 178/200475/001 mass balance of total 
radioactivity and pharmacokinetics of entecavir in rats following 
intravenous and oral administration of (1 4C)-entecavir, 

Submission of Interim Study Report for Protocol AI 463-004, a Pilot 
Randomized, Double-Blind, Placebo-controlled, dose-escalation 
study of the safety and antiviral activit}^ of oral entecavir in adults 
chronically infected with hepatitis B virus 


Octobers, 1999 


Submission of Investigator Brochure for Protocol AI 463-005 


January 4, 2000 


Submission of Protocol 98044 Toxicokinetic Analysis of entecavir 
in six month oral toxicity study in rats, 

Comparative In Vivo metabolism of entecavir in rats, dogs, and 
monkeys. 

Submission of Study 178/200475/003 mass balance of total 
radioactivity and pharmacokinetics of entecavir in dogs following 
intravf^n oil's and nral administration of H 4C Ventecavir mass balance 
of total radioactivity and pharmacokinetics of entecavir in monkeys 
following intravenous and oral administration of (14C)-entecavir, 
Tissue distribution of radioactivity in mice following a single oral 
administration of (14C)-entecavir 


January 5, 2000 


Subniission of Protocol AI 463-014, A Randomized, Double-blind 
comparison of three doses of entecavir versus lamivudine in 
inmiimocompetent subjects with chronic hepatitis B infection, 

Submission of Protocol AI 463-015, a Pilot study of the safety, 
pharmacokinetics and antiviral activity of open-label entecavir in 
liver transplant recipients re-infected with hepatitis B virus 



- 11 - 



CASE GY20a 



Date 


Brief Description of the Activity 


February 16, 2000 


Submission of new strength 1.0 mg capsule formulation 


March 10, 2000 


Submission of Report on Protocol AI 463-004 Interim Report for 
0.1, 0.5, and 1.0 mg dose levels, a pilot randomized, double-blind, 
placebo-controlled, dose-escalation study of the safety and antiviral 
activity of oral entecavir in adults chronically infected with hepatitis 
B virus 


March 20, 2000 


Submission of Protocol AI 463-01 0 Pharmacokinetic and safety 
interaction study of entecavir and lamivudine 


June 2 2000 


Addendum to Interim Renort on Protocol AT 46^-004 for 0 OS mff 
cohort 


June 23, 2000 


Protocol AI 463-014, Amendment 2, 
Protocol AI 463-014, Amendment 1 


AncniQt R 9000 


^iiV^TTticcirin r\T T^Vi5irTn5if*r\l<ri'nf*1"ir'C cxt fnfppjiVTr in HiipV Trillrwx/ino nrsil 
OUUillXodiUil \jI X ilOlillClL'VJJM.XiCLXV^ Cllldt/dVll ill UUWiV XUlXUWill^ Uldl 

administration, 

Administrative Letter for Protocol AT 463-01 5 
Protocol AI 463-007, Amendment 2 


September 1,2000 


12 Week Interim Analysis for Study AI 463-005 and proposal 
endpoints for Phase 3 trials 
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Date 


Brief Description of the Activity 


November 13,2000 


4 Week Interim Analysis for Study AI 463-014, 

Submission of Long-term therapy with entecavir in the Woodchuck 
model of chronic hepatitis B virus infection, 

Metabolic studies on entecavir in hepatocytes - Phosphorylation at 
nanomolar labeling concentrations, 

Submission of Protocol DN 00006 Entecavir, oral study of fertility 
and early embryonic development-treated female, rats, 

Submission of Protocol DN000014 Entecavir, oral study of fertility 
and early embryonic development-treated male rats. 

Preliminary summary results Entecavir oral carcinogenicity studies 
in mice. 

Submission of Investigative Brochure, Entecavir, Version 4, 

Submission of Report on Protocol AI 463-004, Interim Report for 
0.1, 0.5, and 1.0 mg dose levels, 

Submission of 12 Week Interim Report of Protocol AI 463-007, 
Submission of 22 Week Interim Analysis for Study AI 463-005, 
Submission of Updated Safety Report on Protocol AI 463-004 


November 21, 2000 


Submission of Protocol AI 463-901 


December 1,2000 


End of Phase 2 meeting 


December 15,2000 


Submission of Protocol DM00012 Entecavir One Month Oral 
Toxicokinetics Study in rats. 

Submission of Protocol DM00013 Entecavir One Month Oral 

Submission of Protocol DN00005 Entecavir Oral Study of pre- and 
postnatal development in rats 


December 20, 2000 


Submission of Protocol Al 463-014, Amendment 3 


January 12, 2001 


Submission of Protocol AI 463-022, A Phase III Study of the Safety 
and Antiviral Activity of Entecavir versus Lamivudine in Adults 
with Chronic Hepatitis B Infection Who Are Positive For Hepatitis 
B E Antigen, 

Submission of Protocol AI 463-027, A Phase III Study of the Safety 
and Antiviral Activity of Entecavir versus Lamivudine in Adults 
with Chronic Hepatitis B Infection Who Are Negative For Hepatitis 
B E Antigen 


March 2, 2001 


Submission of 0. 1 mg and 0.5 mg film coated tablets 
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Date 


Brief Description of the Activity j 


March 9, 2001 


Preliminary Study of the results of the Entecavir Oral 
Carcinogenicity in Rats 


March 19, 2001 


Submission of Protocol AI 463-034 Bioequi valence study of 
entecavir capsules in healthy volunteers, 

Submission of Protocol AI 463-033 Placebo-controlled, ascending 
multiple dose study to evaluate the safety and pharmacokinetics of 
entecavir in healthy subjects, 

Protocol AI 463-90 1 , Administrative letter, 

Protocol AI 463-022, Administrative letter, 

Protocol AI 463-01 5, Amendment 2, 

Protocol AI 463-015, Revised Protocol No. 1 


April 5, 2001 


General Addendum 1 and 2 to the Entecavir Investigative Brochure 


June 6, 2001 


Response to the Clinical and Statistical comments from the FDA 


June 7, 2001 


Submission of Protocol AI 463-034 Bioequivalence Study of 
C/iiLCLavir X aoicLb ivciaLivc Lo ijnLccd.vir v^apbuicd 111 ncdiiny 
Subjects, 

Submission of Interim Report for Protocol AI 463-014 


June 18,2001 


Teleconference regarding rodent carcinogenicity studies 


June 28, 2001 


Submission of Protocol AI 463-01 6 


Tiinf» 9nni 
June Z7, zuui 


ivioaiiicaiions to urug suosioiicc sy nine sis 


August 6, 2001 


Submission of Interim Summary of results for Protocols 99024 and 

yyyjZfj H/iiicuavir uiai uarduu^ciiiL'iLy diuLiiCd in iiiiuc oiiu. raib. 
General Addendum 3 to the Entecavir Investigative Brochure 


August 14,2001 


Response to FDA Microbiology Review comments on Protocol AI 
463-091 


September 19, 2001 


Protocol AI 463-040 Effect of a High Fat Meal and a Light Meal on 
the Pharmacokinetics of Entecavir in Healthy Subjects When 
Administered at a 0. 1 mg dose 


October 10, 2001 


Submission of Preliminary Final Results for Studies 99024 and 
99025 


October 19, 2001 


Response to FDA Clinical Review Comments of September 27, 
2001 regarding Protocol AI 464-014 


October 30, 2001 


Teleconference to address final carcinogenicity results and initiation 
of phase III trials 
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Date 


Brief Description of the Activity ^ 


December 5, 2001 


Submission of Protocol AI 463-026, a Phase III study of the 
comparison of entecavir to lamivudine in chronic hepatitis B 
^iiHifrtc with inrnmnlfte re«!r)onse to current lamivudine theraov 


December! 8, 2001 


Amendment 1 to Protocols AI 463-027 and AI 463-022 


January 7, 2002 


Submission of Protocols 99024 and 99025 Oral carcinogenicity 
studies in mice and rats final tumor incidences 


January 29, 2002 


Revised Protocols Number 1 for AI 463-022 and AI 463-027, 
Administrative Letters to Protocols AI 463-007, -014, -015, -022, 
-026, -027, and -901 


April 17, 2002 


Protocol AI 463 -0 1 5 Amendment No. 3 , Administrative Letters for 
AT 463-099 -096 -027 Amendment No 2 and Revised Protocol 
No. 2 for AI 463-027 


June 25, 2002 


Administrative Letters for AI 463-014 and -022 






Tiilv 1 0 9009 
juiy iy, L\}\}L 


^nVimiQQinn nf ^tiiHv T\Fn OQ-9619 A<5<;p«;«;ment of the Potential 

Human Cancer Hazard of Entecavir, 

Oral rpirrinocrpniritv <;tiidie<5 of entecavir in mice and rats 


Tnlv 26 2002 


f^iirrent wnthesis of entecavir 


July 26, 2002 


Protocol AI 463-901 Amendment No. 2 and Revised Protocol No. 1, 
Protocol AI 463-031 Administrative Letter 


August 19, 2002 


Amendment No. 1 Protocol AI 463-01 1 


September 11,2002 


Submission of Clinical Study Report for Protocol AI 463-034 
Bioequivalence Study of Entecavir Tablets Relative to Entecavir 
Capsules in Healthy Subjects 


September 13,2002 


Protocol AI 463-049 Long Term Assessment of Treatment 
Outcomes with Entecavir and Lamivudine for Chronic Hepatitis B 
Infection in Patients Who Have Enrolled in Phase III Entecavir 
Trials 


September 20, 2002 


Abbreviated Study Report Protocol AI 463-014 


October 30, 2002 


Statistical Analysis of Data on Proliferated findings in mice and rats 
carcinogenicity studies 
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Date 


Brief Description of the Activity 


December 2, 2002 


Protocol AI 463-032 Single Dose Pharmacokinetics and Safety of 
Entecavir in Subjects with Hepatic Impairment and Amendment 01, 

Protocol AI 463-042 Effects of Age and Gender in the Single Dose 
Pharmacokinetics of Entecavir in Healthy Subjects and Amendment 
01 


December 13, 2002 


End of Phase II Meeting 


February 5, 2003 


Protocol AI 463-900 Entecavir for Subjects with chronic hepatitis B 
infection - an early access program, 

Protocol AI 463-022 Amendment No. 2 and Revised Protocol 2, 
Protocol AI 463-026 Amendment No. 1 and Revised Protocol 1, 
Protocol AT 463-027 Amendment No 3 and Revised Protocol 3 


March 13 2003 


Protocol AT 463-038 Amendment 1 and Revised Protocol 1 

X. X V/ V V/X I. X.X. \J ^ \/ ^ \j A. X^XX%^XX^J.XXX^^XX It X mXXVX ^^^^ t XlJX^V» X X V/ ^V/^^V/ X X 


April 1,2003 


Response to the FDA Medical and Pharmacokinetic Review 
Comments Regarding Protocols AI 463-032 and -042 


April 9, 2003 


Genotyping procedures for Protocols AI 463-022, -026, and -027 


Anril } OOO'^ 

/\prii lo, zuuj 


iNcw r roiocol /\1 tOj-UJ J, 
T<pvi^pn T^rnfnrnl AT 

Amendment 1 to Protocol AT 463-03 S and Amendment 1 to Protocol 

AI 463-038 


Anril 24 2003 


Information for oral liouid dosage form 


May 14, 2003 


Draft statistical analysis plan for Protocol AI 463-022 


June 12, 2003 


Summary of SARS Impact on Entecavir Clinical Trials and Proposal 
to FDA 


June 12, 2003 


Protocol AI 463-063 Open label sequential design, drug interaction 
study of entecavir and adefovir in healthy subjects 


Tune 23 2003 


Protocol AT 463-04R AmpnHmpnt 1 and T^pvi^pH Protocol 1 


Tune 27 200"? 


Protocol AT 463-058 

Siimmarv of ppnotvninp and nhenotvnin^ methods and nerformance 
characteristics 


August 7, 2003 


Protocol AI 463-065 


August 14, 2003 


Information about 1 .0 mg film coated tablet 


August 14, 2003 


Protocol AI 463-066, 

Protocol AI 463-901, Revised Protocol No. 2 and Amendment No. 3 



- 16- 



CASE GY20a 



Date 


Brief Description of the Activity 


Anmict 90 000^ 


IvCoUUlloC LU JT i_>/AV. XC^aiCllXl^ V^ol L'iilU^CiiiC/iljr 


OCpLCXIlUCl IO5 ZrUvJ 


Pfntr^pr^l AT ^^'^.OA^ A mPTiHrn^^nf "NTr* 9 sinn TJpvicpH Prr^trkrril "Mr* 1 
XlUWJwUl r\L *tUj"Uv/U rVlliCllUillCiil 1>JU. dilU. XVCVliCtl rHJ lUL/Ul INU. 1 


September 23, 2003 


Teleconference with FDA regarding Executive Carcinogenicity 
Assessment Committee 


January 27, 2004 


Clinical Study Report for Protocol AI 463-014 


January 27, 2004 


Protocol AI 463-022, Amendment No. 3, Revised Protocol No. 3, 
Protocol AI 463-026, Amendment No. 2, Revised Protocol No. 2 

"Pfn+rtr**^! AT ^^'^_097 A m ^1^/11^101^+ ^Tr* ^ T?^\/ic^»H T^'r/^frir*/^! "Mr^ A. 
rrULOL/Ul r\A H-Uj-WZ^/, /\IIlCllUmCllL INU. H-, IvCVlbCU r^iULUL'Ul INU. T", 

Protocol AI 463-038 Administrative Letter 


February 5, 2004 


Submission of background document regarding QT or PR liitemal 
Prolongation by Entecavir 


February 10, 2004 


Clinical Study Report AI 463-014, A Randomized, Double-blind 
comparison of three doses of entecavir versus lamivudine in 
immunocompetent subjects with chronic hepatitis B infection with 
viremia on lamivudine therapy 


February 18, 2004 


Clinical Study Report AI 463-007 Safety and Antiviral Activity of 

KJlcLl IJ;IlLCLaVir ill 'w.nrUiliC riCpd-lllib id oU.UJCLL^ WllU XlaVC CUiiipiClCU 

AI 463-004, a Phase II Entecavir study 


February 18,2004 


Response to the Statistical Review comments 


February 20, 2004 


AI 463-061 new Protocol 


March 1,2004 


Clinical Report for AI 463-01 6, 
Interim Study Report for AI 463-038 


iviorcn zj, zuuH 


PlinioQl QtiiHv T?Annrt AT dfx'^.Ci'^'^ 
V^liniL/al OLUUy IvCpori rVl T-OJ-ujJ, 

Prrktnpnl AT ^.^'^-O'^R Ampnr!mi*'nt TsJn 9 nnH T?pviQf*H Prntnpnl TsJn 9 


March 25, 2004 


NDA development plan for entecavir and relevant nonclinical and 
clinical data for phase III study AI 463-022 


April 1,2004 


Protocol AI 463-900 Amendment No. 1 and Revised Protocol No. 1 


April 2, 2004 


Protocol AI 463-010 Clinical study report, 
Protocol AI 463-031 Clinical study report 


Anril 6 2004 


Clinical Studv Renort for Protocol AI 463-032 


April 27, 2004 


Pre-NDA meeting 


June 17, 2004 


Presubmission No. 1 - final study reports for three bioequivalence 
trials 
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Date 


Brief Description of the Activity 


July 1,2004 


Presubmission No. 2 - Nonclinical pharmacology and toxicology 
final study reports 


July 14, 2004 


Presubmission No. 3 - Phase I clinical pharmacology final study 
reports 


August 2, 2004 


Presubmission No. 4 - Final reports for clinical studies AI 463-004, - 
005, and -007 


August 6, 2004 


Presubmission No. 5 - Nonclinical pharmacology and toxicology 
final study reports 


August 23, 2004 


Presubmission No, 6 - Phase II Study AI 463-014 Final Report and 
Phase III Studies AI 463-022 and AI 463-026 Final Reports 


September 2, 2004 


Pre-NDA Meeting Minutes of April 27, 2004, Protocol 98032 Six 
Month Oral Range Finding Study in Mice and 99024 Oral 

\^CLiK/iii\j^^LH\^Li.y OLU.u.y ill rvciLo 


9f»ntf»mhpr Q 9004 


^iiHmiCQinn nfOimlitv Overall ^nmtnarv 
O UUlilloolUll Ul V<fUCLiXiy VCiCtii k3 LiilililCtl y 


Cpntpmhpr 1 fl 9004 


022, and -026 


September 30, 2004 


NDA Submission for Entecavir Film Coated Tablets (21-797) 


Spntpmhpr 30 9004 


^TT^A ^nVMTiiCQinn "Pnt* T^ntf*f*flvir Oral ^olntion ^91-708^ 


November 5, 2004 


Priority review granted for NDA 21-797 and 21-798 


November 29, 2004 


Submission of safety updates and the literature review on clinical 


November 30, 2004 


Submission of backgrpimd document for the carcinogenicity 


December 2, 2004 


Response to FDA to the IND Safety Report 


December 20, 2004 


Submission of the Draft Table of Content for the entecavir 
background document for AVDAC meeting on March 1 1 , 2005 


December 22, 2004 


Submission of Pharmacovigilance Plan and Draft Protocol AI 463- 
080 for the study on the long term outcomes of chronic hepatitis B 
patients treated with nucleotides or nucleosides 


December 29, 2004 


Submission of background package and other information for the 
January 7 2005 Carcinoeenicitv Assessment Committee ( CAC^ 
meeting on entecavir 


January 6, 2005 


Response to FDA Clinical Pharmacology Review comments 


January 7, 2005 


Submission of Final Clinical Study Report for AI 463-023 
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Date 


Brief Description of the Activity 


January 7, 2005 


Carcinogenicity Assessment Committee meeting on entecavir 


January 10, 2005 


Draft Background Document for the March 11, 2005 Anti-viral Drug 
Advisory Committee (AVDAC) Meeting on entecavir 


February 8, 2005 


Backgroimd Package submitted to ACS for March 1 1 , 2005 
AVDAC meeting 


February 9, 2005 


Submission of CHnical Reports AI 463-005, -014, -036, -056, and - 
059 


February 25, 2005 


Submission of Amended draft labeling based on FDA comments 


March 4, 2005 


Submission on Toxicology Study Report DL 04009 


March 11,2005 


AVDAC Meeting 


March 14, 2005 


Submission of Clinical Reports for Protocols AI 463-034 and -035 


March 29, 2005 


Approval of NDA 21-797 and 21-798 
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In the opinion of applicant U.S. Patent 5,206,244 is eligible for the extension under 35 U.S.C. 
§156. Applicant believes that the extension should be for 1587 days so that the expiration 
date for U.S. Patent 5,206,244 will be February 21, 2015. The term of the extension was 
calculated as follows: 

IND effective from January 19, 1997 until the NDA was filed on September 29, 2004 for a 
total of 2809 days as calculated below: 



January 19 


-December 31, 1997 


346 days 


January 1 - 


December 31, 1998 


365 days 


January 1 - 


December 31, 1999 


365 days 


January 1 - 


December 31, 2000 


366 days 


January 1 - 


December 31, 2001 


365 days 


January 1 - 


December 31, 2002 


365 days 


January 1 - 


December 31, 2003 


365 days 


January 1 - 


September 28, 2004 


272 days 






OOAf\ J, 



NDA effective from September 29, 2004 until approval on March 29, 2005 for a total of 1 82 
days. 

1/2 IND + NDA = term of extension 
1405+ 182 = 1587 

October 18, 2010 + 1587 = February 21, 2015 
Neither the 5 year extension cap nor the 14 year effective patent term cap apply. 
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(13) Applicant acknowledges a duty to disclose to the Director of the United States Patent and 
Trademark Office and the Security of Health and Human Services any information which is 
material to the determination of entitlement to the extent sought in accordance with 37 C.F.R. 
§1.765. 

(14) Authorization is given to charge the fee of $1,120.00 for receiving and acting upon the 
application for extension to the Deposit Account No. 19-3880 of the undersigned. 
Additionally, the Commissioner is authorized to charge any additional fee that may be 
required to the aforementioned Deposit Account. 

(15) Please direct any inquiries and correspondence relating to the application for patent term 
extension to: 



Stephen B. Davis 
Patent Department 
Bristol-Myers Squibb Company 
P.O. Box 4000 

Princeton, New Jersey 08543-4000 
609-252-4338 



Respectfully submitted. 



Bristol-Myers Squibb Company 
Patent Department 
P.O. Box 4000 
Princeton, NJ 08543-4000 
(609) 252-4338 




Attorney for Applicants 
Reg. No. 26,693 
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HYDROXYMETHYL 
(METimJSNECYCLOPENTyL) PURINES AND 

PYRIMIDINES 5 

RELATED APPLICATION 

This application is a continuation-in-part of Ser. No. 
599,568 filed Oct 18, 1990, now abandoned. 10 

BRIEF DESCRIPTION OF THE INVENTION 

Antiviral activity is exhibited by compounds having 
the formula I ^ 



o 
tl 



-continued 



^ ^ ^N=CH-N 



O 
11 



/ 

r 

\ 



R4 



R4 



N NHC— Rj. 




20 



Rr-o H 



and its phannaceutically acceptable salts. In formula I, 
and throughout the specification, the symbols are as 
defmed below. 



25 



O 
11 

^ N NH2, ^ 



N NH2, 



30 



N=CH— N 



o 
II 

NHC— Rs 



a 




wherein R2 is fluoro, chloro, bromo, iodo> hydrogen, 
methyl, trifluoromethyl, ethyl, n-propyl, 2-fluoroethyl, 
35 2-cUoroethyl, ethynyl, or 



0 NHi 

N N NH2. I N 




NH2 



N F, 



40 



H R3 
\ / 

C=C 
/ \ 

H 

(truis) 



herein R3 is chloro, bromo, iodo, hydrogen, methyl or 
trifluoromethyl; R4 is alkyl; Rs is hydrogen, alkyl, sub- 
stituted alkyl or aryl^ and lU and R7 re indepcndentiy 
hydrogen, — PO3H2 or 



50 



O 

U 

— C— R5. 



Preferred compounds of formula 1 arc when Ri is 



NH2 



O N 
I 




II 

R2 HN ^'^^'V-Rj 

J 



.0 N 
I 



a oiu 



N NH2. 



55 



60 



65 



O 
II 



o 

y 



NH HN 
N "^NHi O 




CHj 



N 
I 



o 

II 



HN 



O' N 
I 



..O-^ N 
I 




.Br 



3 
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4 



. -continued 




Most preferred compounds of formula 1 are when Ri 

is 

20 




25 



O O 




I 



The term "alkyl" refers to both straight and branched 
chain groups. Those groups having I to 10 carbons are 45 
preferred. The term "substituted alkyl" refers to alkyl 
groups having one or more, preferably one, substitu- 
ents. Preferred substituents are halogen, amino, azido, 
hydroxy, cyano, trialkylammonium (wherein each alkyl 
group has 1 to 6 carbons), alkoxy of 1 to 6 carbons, aryl ^ 
and carboxy. The term "aryl** refers to phenyl and 
phenyl substituted with one, two or three substituents, 
preferably one. Preferred substitutents arc alkyl of 1 to 
/6 carbons, alkoxy of 1 to 6 carbons, halogen, trifluoro- 
1 / methylt amino. alkyl°"^'' ^o pf i trt ^ n"' N>ns^ nitro^ 
cyano, alkanoyloxy of 2 to II carbons, carboxy, car- 
bamoyl and hydroxy. 

DETAILED DESCRIPTION OF THE 

INVENTION ^ 

The compounds of formula 1, and the pharmaceuti- 
cally acceptable salts thereof, are antiviral agents that 
can be used to treat viral infection in mammalian species 
such as domesticated animals (e.g., dogs, cats, horses 65 
and the like) and humans, and avian species (e.g., chick- 
ens and turkeys). The compoimds of formula I wherein 
Rjis 



o NH2 




I 



0 NH2 

1 t 



O O 




are effective against one or more of the following vi- 
ruses: herpes simplex virus 1 and 2, varicella-zoster 
virus, and cytomegalovirus. They are also believed to 
be active against a variety of other DNA and re- 
troviruses. Exemplary DNA viruses in addition to those 
named above include other herpes ' viruses (e.g., £p- 
stein-Barr virus, pseudorabies virus, human herpes virus 
6, and the like), poxviruses (e.g. vaccinia virus, monkey 
pox, and myoma), papovaviruses (e.g., the papilloma 
viruses), hepatitis B virus, and adenoviruses. Exemplary 
retroviruses include those effecting man, such as human 
immunodeficiency virus (HIV), human T-cell lympho- 
tropic viruses -I and -II and those effecting other ani- 
mals, such as feline leukemia virus, murine leukemia 
virus and equine infectious anemia virus. All of the 
other compounds of formula 1 are believed to be active 
against one or more of the following viruses: herpes 
simplex virus 1 and 2, varicella-zoster virus, and cyto- 
megalovirus. 

The compounds of this invention may be adminis- 
tered parenterally (for example, by intravenous, intra- 
peritoneal or intramuscular injection), orally or topi- 
cally. 

Tlie compounds may be administered orally or paren- 
terally in an amount effective to treat the infeoion. The 
dosage will, of course, depend on the severity of the 
infection, but will likely be is the range of about 1.0 to 
50 mg/kg of body weight The desired dose may be 
administered several times daily at appropriate inter- 
vals. 

For infections of the eye, or other external tissues, 
(e.g. mouth and skin), the compositions may be applied 
to the infected part of the body of the patient topically 
as an ointment, cream, aerosol, gel, powder, lotion, 
suspension or solution (e.g. as in eye drops). The con- 
centration of the compound in the vehicle will, of 
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course, depend on the severity of the infection, but will 
likely be in the range of about 0.1 to 7% by weight. 

The compounds of this invention can be prepared 
from a compound of formula 



p— o 



wherein "Bn" is 




CH2— 



and P is a protecting group such as a benzyl, trityl, 
substituted trityl (eg. 4-monomethoxytrityl or 4,4'- 
dimethoxytrityl), or silyl group. The term silyl refers to 
silyl protecting groups well known in the art [e.g. t- 
butyldimethylsilyl, t-butyldiphenylsilyl, (triphenylme- 
thyl)dimethylsayl, mcthyldiisopropylsilyl, or triiso- 
propylsilyl]. Protection of the hydroxyl group in the 
known compoimd of formula 



Bn— o 




3 30 




and lU and are hydrogen can be prepared by reac- 
tion of a compound of formula 2 with a compound of 
formula 




in the presence of a base such as lithium hydride, so- 
dium hydride, or potassium hydride in an aprotic polar 
solvent such as dimethylfonnamide, dimethyl sulfoxide, 
or sulfolane (tetramethylene sulfone). 
This yields the corresponding compound of formula 



HO 




NH2. 



10 



P— o 



Protection of the amino (— NH2) group in the com- 
pound of formula 5 affords a compound of formula 



15 



HO 




a 

^N-^ N "^NH-Pi 



20 



P— O 

25 wherein the protecting group Pi can be trityl or substi- 
tuted trityl {e.g. 4-monomethoxytrity! or 4,4'-dimethox- 
ytrityl). The protection can be accomplished by treat- 
ment of the compound of formula 5 with trityl chloride 
or a substituted trityl chloride in dichloromeUiane in the 
presence of triethylamine (and, optionally, in the pres- 
ence of 4-N,N-dimethylaniinopyridine). Oxidation of 
the hydroxyl group in this compound of formula 6 
yields a c-ompound of formula 



using benzyl bromide and sodium hydride affords the 35 
known compound of formula 2 wherein P is a benzyl 
group [see K. Biggadike et.al, /. Chenu Soc Perkin 
Trans, 1 549 (1988)]. Protection with a trityl. substituted 
trityl or silyl group can be accomplished by methods 
known in the art. ^ 
A compound of formula 1 wherein Ri is 



45 



BdO 




NH— Pj. 



The oxidation can be carried out by methods well, 
know in the art (e.g. 1,3-dicyclohexylcarbodiimideA 
dimethyl sulfoxide/methylphosphonic acid in dichloro- 
methane or pyridinium dichromate/molecular sieves in 
50 dichloromethane). Treatment of a compound of for- 
mula 7 with a methylenation reagent such as zinc- 
/titanium tetrachloride/dibromomethane in di- 
chloromethane/tetrahydrofuran or methylenetri- 
phenylphosphorane yields a compound of formula 

55 



60 



a 

H^H N^sjX^ ^ 



8 



P— 0 



Removal of the protecting groups from a compound 
of formula 8 provides the compound of formula 1 
wherein Ri is 



7 
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8 




OBn 




10 



NH2 



10 



Protection of the amino gronp ( — NH^) in the com- 
pound of formula 10 according to the procedures analo- 
gous to those used in the preparation of the compoimd 



20 



25 



HO 



finO- 




NH— Pi. 



P-O 



and R6 and R7 are hydrogen. 

When the protecting groups P and Pi arc trityl or 

substituted trityl, removal of the trityl groups P and Pi 

can be accomplished by treatment with aqueous alco- 

v«t:« t / 0. J 1.1 • J • 15 of formula 6 yields a compound 'of formula 

hohc nuneral acid (c.g. hydrochlonc acid m aqueous j *™ 

methanol) or aqueous acetic acid Subsequently, the 
benzyl group protecting the primary hydroxyl group 
can be removed by treatment with boron trichloride in 
dichloromethane. When the protecting group P is ben- 
zyl and the Pj protecting group is trityl or substituted 
trityl, the Pi protecting group can be removed by treat- 
ment with aqueous alcoholic mineral acid or aqueous 
acetic acid, and the benzyl protecting groups can be 
removed with boron trichloride. When the protecting 
group P is a silyl group and Pj is a trityl or substituted 
trityl group, the silyl group can be removed first by 
treatment with fluoride ion (e.g. tetrabutylammonium 
fluoride in tetrahydrofuran). Subsequently, the Pi pro- 
tecting group can be removed by treatment with aque- 
ous alcoholic mineral acid or aqueous acetic acid, and 
then the benzyl group protecting the primary alcohol 
group can be removed by treatment with boron trichlo- 
ride. Alternatively, the Pi protecting group can be re- 
moved first, the silyl protecting group P second, and the 
benzyl group protecting the primary alcohol last. 



Oxidation of the alcohol group in the compound of 
formula 1 1 under conditions analogous to those used in 
the preparation of the compoimd of formula 7 provides 
3Q a compound of formula 



OBa 



35 



O 
II 




NH— Pi. 



40 



P— O 



The compound of formula 1 wherein Ri is 



O 
11 



NH 



NHj 



45 



50 



Methylenation of the ketone group in the compound 
of formula 12 under conditions analogous to those used 
in the preparation of the compound of formula S yields 
a compound of formula 



OBd 



and R^and R7 are hydrogen can be prepared as follows: 
Reaction of a compound of formula 2 with a com- 
pound of formula 55 

OBn 




NH— P|. 



P-O 



N NH2 



Finally, removal of the protecting groups from the 
compound of formula 13 provides the compound of 
formula 1 wherein Ri is 



60 



O 

n 



according to procedures analogous to those used in 
preparation of the compound of formula 5 affords a 
compound of formula 



65 



NH2 



and R^ and R7 are hydrogen. 
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When the protecting groups P and Pi are trityl or by reaction with trityl chloride or a substituted trityl 
substituted trityl, removal of the trityl groups and the chloride in dichioromethanc in the presence of triethyl- 
punne Obenzyl protecting group can be accomplished amine and 4-N,N-dimethylaminopyridine affords the. 
by treatment with aqueous alcoholic mineral acid (e.g. compound of formula 
hydrochlonc acid m aqueous methanol). Subsequently, 5 
the benzyl group protecting the primary bydroxyl, can 

be removed by treatment with boron trichloride in N>^^^^^ 
dichioromethanc. When the protecting group P is ben- jjq / || ^ 

zyl and the Pj protecting group is trityl or substituted f \ II \^ 

trityl, the P] protecting group and the purine O-bcnzyl jq FiO-^^^^^^^-^^^^^^ ^ -^I^-P, 
protecting group can be removed first by treatment \ / 

with aqueous alcoholic mineral add. Subsequently, the ) ^ 

benzyl groups protecting the alcohol groups can be p— 
removed by treatment with boron trichloride. When the 

protecting group P is a silyl group and Pi is a trityl or 15 where the Pi groups arc trityl or substituted trityL Sc- 
substituted trityl group, the silyl group can be removed quential oxidation and methylenation of the compound 
first by freatmcnt wi^ fiuonde ion (e g tctrabutylam- of formula 15 under conditions analogous to those used 

TZTJrr V^nT^^ "^^^ preparation of the compounds of formulas 7 and 

Pi protectmg group and the purme O-benzyl protectmg o *:ir« ir*v 
group can \i r^oved by treatment with j^uVous Bid ,^ 8'^«P«=t^vely. followed by removal of the protecting 
hoHc mineral acid. Finally, the benzyl group protecting ^ F^^^* ^^^^ compound of formula 1 whcrcm Rj 
the primary alcohol can be removed by treatment, with ^ 
boron trichloride. Alternatively, the Pi and purine O- 
benzyl protecting groups can be removed first, the silyl 
protecting group P second, and the benzyl group pro- 
tecting the primary alcohol last 

Alternatively, this compound can be prepared from a 'n-'^ ^ ^^NHj 

compound of formula 1 wherein Ri is I 



25 



a 



30 and Re and R7 are hydrogen. 

The silyl protecting group P can be removed first by 
treatment with fluoride ion (e.g. tetrabutylammonium 
fluoride in tetrahydrofuran), and then the trityl protect- 
"^"^2 ing groups Pi can be removed by treatment with aque- 

35 ous alcoholic mineral acid (e.g. hydrochloride acid in 
aqueous methanol) or aqueous acetic acid. Altema- 
and R^and Ryarc hydrogen, by hydrolysis of the chloro tively, the trityl protecting groups Pi can be removed 
group using aqueous acid (e.g. aqueous hydrochloric first followed by removal of the sUyl protecting group 
acid). p 
The compound of formula 1 wherein R, is 40 ! Alternatively, reaction of the compound of formula 



H 

and Rfi and R7 arc hydrogen can be prepared from the. ^ , • « • * •* 1 v * j ^ 1 • t_ 

compound of formuU 5 wherein P is a sSyl group (e.g. ^ "^^^'^ % substituted tntyl group, with a 

t-butyldiphenylsilyl). Hydrogenolysis of this «)mpound ^ ^"^P^^^ of formula 2 under conditions analogous to 
(e.g. ammonium formate and palladium on carbon in ^"^^ ^ preparation of the compound of for- 
methanol; palladium hydroxide on carbon and cyclo- ™^ ^ sfTords a compound of formula 
hexene in ethanol; or palladium on carbon, hydrogen, 

and ethanol) results in reduction of the chloro group - ^ 17 

and removal of the benzyl protecting group on the 



primary hydroxyl to afford the compound of formula ^? 



60 




p— O 



NH2. 



Sequential oxidation and methylenation of the com- 
pound of formula 17 under conditions analogous to 
p— o" 65 those used in the preparation of the compounds 7 and 8, 

respectively, foUowed by removal of the protecting 
Protection of the primary hydroxyl group and the groups affords the compound of formula 1 wherein R] 
amino ( — NH2) group in the' compound of formula 14 is 



11 
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12 



N NH2 



N NH2 



and and R? are hydrogen. . *uji- - .x. 

. - . , \. - ^ ^ ^ , 10 and R6 and R7 are hydrogen by methods known u the 

Alternatively, reaction of a compound of formula ^ ^ j ^ ^^^^ ^^^^ 28. 358 



(1985)). 

16 A compound of formula 1 wherein Ri is 



I N NH2 

H 



with a compound of formula 2 affords a compound of I ^ 

formula 

and R^ and R7 are hydrogen can be prepared by treat- 
jg^^^^.^ ment of a compound Of formula 5 with sodium alkoxide, 

^ ll ^ 25 w^^^ provides the compound of formula 




Protection of the amino ( — NH2) group with a trityl or 
substituted trityl group provides the compound of for- 
mula 17, which can then be converted (as described r*-o 
above) to the compound of formula 1 wherein Rj is 



0R4 




35 



Protection of the amino group, oxidation and me- 
thylenation (according to procedures analogous to 
those used in the preparation of compoutnds 6, 7 and 8), 
followed by removal of protecting groups, provides the 
^JL^ ^ compoimd of formula 1 wherein Ri is 



'NH2 



and R6 and R7 are hydrogen. 
The compound of formula 1 wherein Rj is K JL 1 



OR4 

(it; 



NH2 




N NH2 



50 and R« and R7 are hydrogen. 

Alternatively, this compound of formula 1 can be 
prepared from a compound of formula 1 wherein Ri is 



a 



and R^ and R7 are hydrogen can be prepared from a S5 
compound of formula 8 by methods known in the art. 
Thus, for example, when a compound of formula 8 
(wherein P is a protecting group such as benzyl, alyl, 

trityl or substituted trityl, and Pi is trityl or substituted ^ ^ N ^NH2 

trityl) is treated with hot methanolic ammonia, displace- 
ment of the chloro group with an amino group will ^ ^7 are hydrogen by methods known in the 

result. The protecting groups can then be removed 

, J 1, • -* 5oc, 87, 3752 (1965); K.K.Ogilvie,etal.,az/i./.CAem., 

accordmg to procedures known m the art ^702 (1984); M.R. Hamde^ et al.. / Med, Chenu. 30, 

Alternatively, this compound of formula 1 can be {^35 (19^7), 
prepared from a compound of formula 1 wherein Ri is Altemativeiy, this compound of formula 1 can be 

prepared from a compound of formula 



13 
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5 



H 



and a compound of formula 2 using procedures analo- 
gous to those used in the preparation of compounds 5, 6, 
7 and 8, followed by removal of the protecting groups. 
A compound of formula 21 can be prepared from the 
compound of formula 4 by methods know in the art 15 
(See, e.g., W.A. Bowles, ct al., /. Med, Cherru, 6, 471 
(1963); M.MacCoss, et al., Tetrahedron Lett, 26, 1815 
(1985)). 

The compound of formula 1 wherein Ri is 20 



o 




25 



and R6 and R? are hydrogen can be prepared from a 
compound of formula 2 and a compound of formula 




according to procedures analogous to those used in 
preparation of compounds 10, 11, 12, and 13, followed 
by removal of the protecting groups. 
The compound of formula 1 wherein Ri is 




P— o 



Selective protection of the amino (— NHz ) group in 
the compound of formula 24 with an acyl group P2(e.g., 
acetyl) gives the compound of formula 




P— O*' 



See, for example, G. S. Ti et al., /. Amer, Chem Soc, 
104, 1316 (1982)). Oxidation of the compound of for- 
mula 25 and subsequent treatment with zinc/titanium 
tetrachloride/dibromomethane according to proce- 
dures analogous to those used in the preparation of 
compounds 7 and 8 provides a compound of formula 




pound yields the compound of formula 1 wherein Ri is 



NH2 



and R« and Rt are hydrogen can be prepared as follows: 5S ' 
Reaction of the compound of formula 

and R« and R7 are hydrogen. 
^ Alternatively, oxidation of the compound of formula 
^ 25 and subsequent treatment with methylenetriphenyl- 
phosphorane according to procedures analogous to 
those used, for the preparation of compounds 7 and 8 
gives the compound of formula 26 wherein the amino 
H (— NH2 ) group still possesses an acyl protecting group, 

with a compound of formula 2 according to procedures P2. Removal of the protecting groups from this com- 
analogous to those used in preparation of the compound pound provides the compound of 
of formula 5, affords a compound of formula formula 1 wherein Ri is 



NH2 



15 



5,206,244 



16 



NHj 




a 



and and R7 are hydrogen, (Removal of the acyl 
protecting group P2 can be. accomplished using sodium 
methoxide in methanol or methanolic ammonia). 

Alternatively, this compound of formula 1 can be 
prepared by reaction of the compound of formula 



a 

K* vt 



10 and R6 and R7 are hydrogen can be prepared by re- 
moval of the protecting groups &om the compound of 
formula 28. 
The compound of formula 1 wherein Ri is 
15 

27 NHi 



20 



I N F 



with a compound of formula 2 under conditions analo- 
gous to those used for the preparation of the compound 
of formula 5. Subsequent oxidation and methylenation 
according to procedures analogous to those used in the 
preparation of compounds 7 and 8 provides the com- 
pound of formula 



28 




P-o 



and R6 and R7 are hydrogen can be prepared from the 
25 compound of formula 1 wherein R] is 

NH2 



30 



35 



Treatment of a compound of formula 28 with hot 40 
ammonia in an alcohol (such as methanol or ethanol) 
followed by removal of protecting groups yields the 
compound of formula 1 wherein Ri is 



NH2 




and R6 and R? are hydrogen. 

In another alternative, this compound of formula 1 
can be prepared from a compound of formula 1 wherein 
Riis 




and R6 and R7 are hydrogen by methods known in the 65 
art. (See e.g. J.C. Martin et al., /. Med Cherru, 28, 358 
(1985)). 

The compound of formula 1 wherein Ri is 



and Re and R7 arc hydrogen by foDowing known proce- 
dures. See, for example, J. A. Montgomery et al., "Syn- 
thetic Procedures in Nucleic Acid Chemistry", Vol. 1, 
W. W. Zorbach and R. S. Tipson, Eds., Interscience 
Publishers (John Wiley and Sons), N.Y. p. 205, 1968. 
The compound of formula 1 wherein Rj is 



45 



11 



50 



and Re and R7 are hydrogen can be prepared from this 
compound of formy 



55 



60 




and Re and R7 are hydrogen by add hydrolysis (e.g. hot 
aqueous hydrochloric acid) or basic hydrolysis (e.g., 
aqueous methanolic sodium hydroxide). 

Alternatively, this compound of formula 1 can be 
prepared by treatment of a compound of formula 1 
wherein Ri is 



17 



5,206,244 




and R6 and R? are hydrogen with adenosine deaminase jo 
or nitrous acid according to methods known in the art 
(c.g., M. J. Robins, ct al.. / Med. Chem.. 27, 1486 (1984); 
K.K. Ogilvic et al, Can J, Chem.. 62 241 (1984)); L 
Iwai, et aL, in "Synthetic Procedures in Nucleic Acid 
Chemistry". Vol. 1. W. W. Zorbach and R. S. Tipson. 
Eds., Interscience Publishers (John Wiley and Sons), 
N.Y., p. 135, 1968; R. E. Holmes ct al., / Amen Chenu 
Soc. 86, 1242 (1964)). 
The compound of formula 20 




HN 




R2 



N 
I 

H 



with a compound of formula 2 in the presence of a base 
such as lithium hydride, sodium hydride, or potassium 
hydride in an aprotic polar solvent such as dimethyl- 
formamide, dimethyl stilfoxide or sulfolane to yield a 
compound of formula 





32 



15 



Treatment of the compound of formula 32 with a 
methylenation reagent such as zinc/titanium tetra- 
chloride/dibromomethane in dichloromethane/tetrahy- 
drofuran or methylenetriphenylphosphorane yields the 
compound of formula 



33 



29 



HN 



25 



30 



wherdn R2 is hydrogen, fluoro, methyl, ethyl, n-propyl, 
2-chloroethyl, or 2-fluoroethyl can be prepared by reac- 
tion of the corresponding compoimd of formula 35 



30 



40 



4S 



50 



31 



55 



60 



^droxyl group in a compound of 
formula 31 using methods known in the art (e.g. 1,3- 
dicyclohexylcarbodiimde/dimethylsulfoxide/methyl- 
phosphonic acid in dichloromethane or pyridinium 
dichromatc/molecular sieves in dichloromethane) pro- 
vides the compound of formula 



65 



P— o' 

Re^Mval crfJbe<protecting groups from the com- 
poimd ^Tormula 33 provides the corresponding com- 
pound of fonnula 29. For example, when the protecting 
group P is benzyl, both benzyl groi^ can be removed 
by treatment with boron trichloride in dichlorometh- 
ane. When the protecting group P is trityl or substituted 
trityl, the trityl protecting group can be removed by 
treatment with aqueous acetic acid or aqueous alcoholic 
mineral acid, (e.g., hydrochloric acid in aqueous metha- 
nol), and then the benzyl protecting group can be re- 
moved by treatment with boron trichloride. When the 
protecting group P is a silyl group, removal of the silyl 
protecting group can be accomplished with fluoride ion 
(eg. tetrabutylammonium fluoride in tetrahydrofuran) 
and then the benzyl group can be removed by treatment 
with boron trichloride. Alternatively, the benzyl group 
can be removed first, followed by removal of the silyl 
group. 

The compound of formula 30 wherein R2 is 2-chloro- 
ethyl or 2-fluoroethyl can be prepared by methods 
known in the art (H. Griengl et al., /. Med, 30 1199 
(1987); /. Med Chenu, 28 1679 (1985)). 

The compound of fonnula 31 wherein R2 is fluoro 
can also be prepared from the corresponding compound 
31 wherein R2 is hydrogen and the protecting group P 
is benzyl, trityl or substituted trityl by fluorination usmg 
trifluoromethyl hypofluorite following methodology 
known in the art For example, see M.J. Robins, et al., /. 
Amer. Chem. Soc. 93 5277 (1971); Chem, Communs., 18 
(1972); T.S. Lin et al., / Med Chenu, 26. 1691 (1983). 

The compounds of formula 29 wherein R2 is 2- 
chlorocthyl and 2-fiuoroethyl can also be prepared 
from a compound of formula 




5,206,244 



20 



triazole in a solvent such as pyridine and reaction of the 
resulting intermediate with ammonium hydroxide in a 
solvent such as dioxane pr ovide s the corresponding 
compound of formula, 



10 



wherein Fa is trityl, substituted trityl, or a silyl protect- 
ing group. Removal of the P3 protecting group yields a 
compound of formula 33 wherein P is benzyl and R2 is ^5 
2-hydroxyethyl. Treatment of this compound with tri- 
phenylphosphinecarbon tetrachloride, and subsequent 
removal of the benzyl protecting groups with boron 
trichloride, affords the compound of formula 29 
wherein R2 is 2-ch]oroethyl. Similar treatment using 20 
triphenylphosphine/N-bromosuccinimide or triphenyJ- 
phosphine/N-bromosuccinamide/tetrabutylammonium 
iodide in place of triphenylphosphine/carbon tetrachlo- 
ride (e.g., see H. Griengl, et al., /. Med Chenu, 28, 1679 
(1985)) affords compounds of formula 33 wherein P is 25 
benzyl and Rj is 2-bromoethyl or 2-iodoethyl, respec- . 
tively. Subsequent treatment with fluoride ion, fol- 
lowed by removal of the benzyl protecting groups, 
provides the compound of formula 29 wherein R2 is 
2-fluoroethyl. Alternatively, treatment of a compound jq 
of formula 33 wherein P is benzyl and R2 is 2-hydrox- 
yethyl with diethylaminosulfur trifluoride provides, 
upon removal of the benzyl protecting groups, a com- 
pound of formula 29 wherein R2 is 2-fluoroethyl. 

The compound of formula 34 can be prepared from a 35 
compound offj^rmula- 




37 




35 



40 



See, for-toifi^e2:^:5?llin ct al., /, Med, Chem,, 26, 
1691 (1983); P. Herdewijn, et al., X Med Chem.. 28, 550 
(1985). Removal of the protecting groups from the 
compound of formula 37 yields the corresponding com- 
pound of formula 36. For example, if P is a benzyl 
group, both benzyl protecting groups can be removed 
by treatment with boron trichloride. If P is a trityl or 
substituted trityl protecting group, the P group can be 
removed with aqueous alcoholic mineral acid or aque- 
ous acetic acid, and the benzyl group protecting the 
primary alcohol can be removed with boron trichloride. 
If P is a silyl protecting group, the P group can be 
removed with fluoride ion followed by removal of the 
benzyl protecting group. Alternatively, the benzyl pro- 
tecting group can be removed with boron trichloride 
followed by removal of the silyl protecting group with 
fluoride ion. 

Alternatively, the compound of formula 33 wherein 
R2 is hydrogen, fluoro, methyl, ethyl, n-propyl, 2- 
chloroeiyl or 2-fluoroeliiyl and the protecting group P 
is a benzyl, trityl, substituted trityl or silyl group can be 
reacted with a sulfonyl chloride (e.g., p-toluenesulfonyl 
chloride) in an inert solvent (e.g., 1,2-dichloroethane or 
dioxane) in the presence of a base such as potassium 
carbonate. (For other sulfonyl chlorides and solvents, 
see, for example, European Patent Application £P 
204,264). This affords the correspo nding ex pound of 
formula 



and a compound of formula 2 by methods analogous to 
those used in the preparation of compounds 31, 32 and 
33 wherein R2, for example, is hydrogen, methyl or 
ethyl, and P is benzyl. The compound of formula 35 can 
be prepared from the corresponding free alcohol by 
mediods known in the art 
The compound of formula 

NHj 




60 



HO 



wherein R2 is hydrogen, fluoro, methyl, ethyl, n-propyl, 
2-chloroethyl or 2-fluoroethyl can be prepared from ie 
corresponding compound of formula 33 wherein the 65 
protecting group P is a benzyl, trityl, substituted trityl 
or silyl group. Treatment of this compound with, for 
example, 4-chlorophenyl dichlorophosphate and 1,2,4- 



which can be treated with ammonia gas in an inert 
solvent (e.g., 1,2-dichloroethane or dioxane) to afford 
the corresponding compound of formula 37 . Removal 
of the protecting groups from the compound of formula 
37 yields the corresponding compound of formula 36. 

Alternatively, the compound of formula 36 wherein 
R2 is fluoro, hydrogen, methyl, ethyl, n-propyl, 2- 
chloroethyl or 2-flttoroethyl can be prepared from the 
corresponding compound of formula 29 by methods 
known in the art. See, for example, T.S. Lin, et aL, / 
Med Chan.. 26, 1691 (1983); P. Herdewijn, ct al., / 



21 



5,206,244 
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Med, Chem., 28, 550 (1985); European Patent Applica- 
tion £P 360018. 

Alternatively, the compound of formula 36 wherein 
R2 is fluoro, hydrogen, methyl, ethyl, n-propyl, 2- 
chloroethyl or 2-fluoroethyl can be prepared by reac- 
tion of the corresponding compound of formula 



trichloride. Alternatively, the benzyl group can be re- 
moved first followed by removal of the silyl group. 

Alternatively, oxidation of the compound of formula 
41 and subsequent treatment with methylenetriphenyl- 
phosphorane gives a compound of formula 



NH2 



39 



10 



I 

H 



with a compound of formula 2 in the presence of a 
lithium hydride, sodium hydride or potassium hydride 
in an aprotic polar solvent such as dimethylformamide, 
dimethyl sulfoxide or sulfolane to^i^d-a^mpound of 
formula 



15 




42 




20 



40 



25 



30 



Selective protection of the amino group in the com- 
pound of formula 40 with an acy]_grou^-P^^. acetyl) 
yields a compound of foi 




35 



41 



40 



45 



(See, for example, G.S. Ti ct al., /. Amer, Chem. Soc, 
104, 1316 (1982)). Oxidation of the compound of for- 
mula 41,followe:i by methylenation with zinc/titanium 
tetrachloride/dibromomethane, with subsequent or 50 
simultaneous removal of the acyl protecting group Pz, 
gives a compound of formula 37. Removal of the pro- 
tecting groups from this compound provides a com- 
pound of formula 36 wherem R2 is fluoro, hydrogen, 
methyl, ethyl, n-propyl, 2-chloroethyl or 2-fluoroethyl. 55 
When the protecting group P is benzyl, both benzyl 
groups can be removed by treatment with boron tri- 
chloride in dichloromethane. When the protecting 
group P is trityl or substituted trityl, the trityl protect- 
ing group can be removed by treatment with aqueous 60 
acetic acid or aqueous alcoholic mineral acid (e.g., hy- 
drochloric acid in aqueous methanol), and then the 
benzyl protecting group can be removed by treatment 
with boron trichloride. When the protecting group P is 
a silyl group, removal of the silyl protecting group can 65 
be accomplished with fluoride ion (e.g., tetrabutylam- 
monium fluoride in tetrahydrofuran) and then the ben- 
zyl group can be removed by treatment with boron 



Removal of the protecting groups from this compound 
provides the compound of formula 36 wherein R2 is 
fluoro, hydrogen, methyl, ethyl, n-propyl, 2-Ghloro- 
ethyl or 2-flurocthyl. Removal of the acyl protecting 
group P2 can be accomplished using sodium methoxide 
in methanol or methanolic ammonia. 

Alternatively, the compound of formula 40 wherein 
R2 is hydrogen, fluoro, methyl, ethyl, n-propyl, 2- 
chloroethyl or 2-fluoroethyl and the protecting group P 
is a benzyl, trityl, or silyl group can be prepared from 
the corresponding compound of formula 31 using meth- 
odology known in the art. See, for example, T.S. Lin et 
al., / Med Chem,, 26, 1691 (1983); P. Herdcwijn et al.. 
y. Med, Chem,, 28, 550 (1985); European Patent Appli- 
cations £P 360018 and £P 204264. 

Alternatively, the compound of formula 40 or 41 
wherein R2 is fluoro can be prepared from the corre- 
sponding compound of formula 40 or 41 wherein R2 is 
hydrogen and the protecting group P is benzyl, trityl or 
substituted trityl by fluorination using trifluoromethyl 
hypofluorite following methodology known in the art. 
For example, see M.J. Robins, et al., /. Amer, Chem. 
Soc, 93, 5277 (1971) and Chem. Communs., 18 (1972); 
T.S. Lin et al., / Med, Chem,, 26, 1691 (1983). 

The compound of formula 29 wherein R2 is chloro, 
bromo or iodo can be prepared from the compound of 
formula 31 wherein R2 is hydrogen and the protecting 
group P is a benzyl group. Halogenation of this com- 
poimd of formula 31 by metho^s-iQiewn-in-the.m pro- 
vides the corresponding^ec^pound of formula 




wherein R2 is chloro, bromo or iodo. (See, for example, 
P. Herdewijn ct al., / Med Chem,, 28, 550 (1985); M. J. 
Robins et al., /. O/y. Chem,, 48, 1854 (1983); T.S. Lin et 
al., / Med. Chem., 26, 598 (1983); T. Ueda et al.. Nucleo- 
tides and Nucleosides, 4, 401 (1985); "Synthetic Proce- 
dures in Nucleic Acid Chemistry", Vol. 1, W.W. Zor- 
back and R.S. Tipson, Eds., John Wiley and Sons, NY, 
p. 491, 1968). Oxidation of the compound of formula 43 
and subsequent methylenation with zinc/titanium tetra- 



chloride/dibromomethane 
phorane provides the com] 




wherein R2 is chloro, bromo or iodo. (See, for example, ^5 
European Patent Application EP 360018). Removal of 
the benzyl protecting groups in the compound of for- 
mula 44 by treatment with boron trichloride affords the 
compound of formula 29 wherein R2 is chloro, bromo, 
or iodo. 20 

The compound of formula 36 wherein R2 is chloro, 
bromo or iodo can be prepared from the corresponding 
compound of formula 44 using methods known in the 
art (and analogous to those used in the conversion of 
compound 33 to compound 37 wherein, for example, 25 
R2 is hydrogen, methyl or ethyl), followed by removal 
of the benzyl protecting groups with boron trichloride. 

Alternatively, the compound of formula 36 wherein 
R2 is chloro, bromo or iodo can be prepared from the 
corresponding compound of formula 29 by methods ^ 
known in the art. See, for example, T.S. Lin, et al., /. 
Med Chem., 26, 1691 (1983); P. Herdewijn. et aL, / 
Med, Chenu, 28. 550 (1985); European Patent Applica- 
tions EP 360018 and EP 204264). 

The compound of formula 29 wherein R2 is trifluoro- 35 
methyl can be prepared from the compound of formula 
44 wherein R2 is iodo by treatment with triiluoromethyl 
iodide and copper followed by the removal of the ben- 
zyl protecting groups using boron trichloride. See, for 
example, Y. Kobayashi et al., /. Chenu Soc Parkin 1, ^ 
2755 (1980); S. Lin et al., 7. Med Chem., 26, 1691 (1983). 

The compound of formula 29 wherein R2 is triiluoro- 
methyl can be prepared from a compound of formula 43 
wherein R2 is iodo as follows: A compound of formula 
43 wherein R2 is iodo can be converted to a compound ^5 
of formula 




45 



50 



55 



wherein R2 is iodo and the protecting group P4 is trityl, 
substituted trityl or acyl (eg., acetyl). Treatment of this 
compound of formula 45 with tiifluoromethyl iodide 60 
and copper according to procedures known* in the art 
(see for example, Y. Kobayashi, et al., 7. Chenu Soc 
Perkifu 2755 (1980); S. Lin, etal.; /. Med Chenu. 26 
1691 (1983)) and subsequent removal of the P4 protect- 
ing group provides the compound of formula 43 65 
wherein R2 is trifluoromethyl. Oxidation of the com- 
pound of formula 43 wherein R2 is trifluoromethyl and 
subsequent treatment with zinc/titanium teua- 



24 

chloride/dibromomethane or methylenetriphenylphos- 
phorane provides the compound of formula 44 wherein 
R2is trifluoromethyl. Removal of the benzyl protecting 
groups from the compound of formula 44 by treatment 
witfr boron trichloride provides the compound of for- 
mula 29 wherein R2 is trifluoromethyl. 

The compound of formula 36 wherein R2i5 trifluoro- 
methyl can be prepared from the corresponding com- 
pound of formula 44 using methods known in the art 
(and analogous to those used in the conversion of com- 
pound 33 to compound 37 wherein, for example, R2 is 
hydrogen, methyl, or ethyl), followed by removal of the 
benzyl protecting groups with boron trichloride. 

Alternatively, the compound of formula 36 wherein 
R2 is trifluoromethyl can be prepared from the corre- 
sponding compound of formula 29 by methods known 
in the art See for example, T.S. Lin et al., J, Med 
Chenu, 26, 1691 (1983^ P. Herdewijn et al., /. Med 
Chenu, 28, 55^, (1985); European Patent Applications 
EP 360018 and EP 204264. 
The compound of formula 29 wherein R2 is 



H Rs 
\ / 
c=c 

/ \ 

H 



and R3 is chloro, bromo, iodo, hydrogen, methyl or 
trifluoromethyl can be prepared from the compound of 
formula 43 wherem R2 is iodo or — HgCl. Reaction of 
the compound of formula 43 wherein R2 is iodo or 
— HgCl via organopalladium intermediates affords the 
compound of formula 43 wherein R2 is 

H R3 

\ / 
c=c 

/ \ 

H 

and R3 is chloro, bromo, iodo, hydrogen, methyl or 
trifluoromethyl. The compound of formula 43 wherein 
R2 is HgCl can be prepared from the compound of 
formula 31 wherein R2 is hydrogen and P is a benzyl 
protecting group. See, for example, references in E. 
DeClercq et al., Pharmac Ther., 26, 1 (1984); M.E. 
Perknan et al., /. Med Chenu, 28, 741 (1985); P. Her- 
dewijn et al.. /. Med Chenu, 28, 550 (1985); D. E. Bcrg- 
strom et al., J, Med Chenu, 27, 279 (1984). 
Oxidation of a compound of formula 43 wherein R2 is 



H R3 

\ / 
c=c 

/ \ 

H 



and R3 is chloro, bromo, iodo, hydrogen, methyl, or 
trifluoromethyl, and subsequent treatment with zinc- 
/titanium tetrachloride/dibromomethane or methylene- 
triphenylphosphorane provides the corresponding com- 
pound of formula 44. Removal of the benzyl protecting 
groups from this compound using boron trichloride 
affords the compound of formula 29 wherein R2 is 



25 



H R3 
\ / 

c=c 

/ \ 

H 
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and R3 is chloro. bromo, iodo, hydrogen, methyl or 
trifluoromethyl. . 
The compound of formula 36 wherein R2 is 



10 



methyl, or ethyl), followed by removal of the benzyl 
protecting groups with boron trichloride. 

Alternatively, the compound of formula 36 wherein 
R2 is ethynyl can be prepared from the corresponding 
compound of formula 29 by methods known in the art. 
See, for example, T.S. Lin, et al.. /. Med. Chenu, 26, 
1691 (1983); P. Herdewijn et al.. / Med Chem., 28, 550 
(1985); European Patent Applications EP 360018 and 
EP 204264. 

Compounds of formula 1 wherein Ri is 



H R3 
\ / 
c=c 

/ \ 

H 



and R3 is chloro, bromo, iodo, hydrogen, methyl or 
trifluromethyl can be prepared from the corresponding 
compound of formula 29 by methods known in the art 
See for example, T.S. Lin, et al., 7. Med Chenu, 26, 1691 
(1983); P. Herdewijn, et al., / Med Chem.. 28, 550 
(1985); European Patent Applications EP 360018 and 
EP 204264. 

Alternatively, the compound of formula 36 wherein 
Riis 



H Rs 
\ / 
c=c 

/ \ 

H 



35 



and R3 is chlorb, bromo, iodo, hydrogen, methyl or 
trifluoromethyl can be prepared from the correspond- 
ing compound of formula 44 using methods known in 
the an (and analogous to tliosc used in the conversion of 
compound 33 to compound 37 wherein, for example, 
R2 is hydrogen; methyl or ethyl), followed by removal 
of the benzyl protecting groups with boron trichloride. 

The compound of formula 29 wherein R2 is ethynyl 
can be prepared from a compound of formula 45 4^ 
wherein R2 is iodo and the protecting P4 is acyl (e.g. 
acetyl), trityi, or substituted trityl as follows: Treatment 
of the compound of formula 45 wherein R2 is iodo and 
P4 is acyl with trimethylsilylacetylene/bis (triphenyl- 
phosphine) palladium (II) chloride/copper (I) iodide in 45 
triethylamine and, subsequently, with sodium methox- 
ide in methanol according to procedures known in the 
art (see, for example, E. DeClercq et al., / Med Chenu, 
26, 661 (1983)) provides the compound of formula 43 
wherein R2 is ethynyl Alternatively, analogous treat- 50 
ment of the compound of formula 45 wherein R2 is iodo 
and P4is trityl or substituted trityl, followed by removal 
of the trityl or substituted trityl protecting group P4, 
using, for example, aqueous acetic add or aqueous alco- 
holic mineral acid« provides the compound of formula 35 

43 wherein R2 is ethynyl. Oxidation of the compound of 
formula 43 followed by metbylenation with zinc- 
/titanium tetrachloride/dibromomethane or methylene- 
triphenylphosphorane yields the compound of formula 

44 wherein R2is ethynyl, and subsequent removal of the 60 
benzyl protecting groups with boron trichloride pro- 
vides the compound of formula 29 wherein R2 is ethy- 
nyl. 

The compound of formula 36 wherein R2 is ethynyl 
can be prepared from the corresponding compound of 65 
formula 44 using methods known in the art (and analo- 
gous to those used in the conversion of compound 33 to 
compound 37 wherein, for example, R2 is hydrogen, 



O 
It 



15 



NH 



N NHC— Rj 



25 




30 can be prepared from the corresponding compounds of 
formula 1 wherein Ri is 



o 
II 



VT * 



NH 
N *^NH2 



NH2 




by methods known in the art. 

Compounds of formula 1 wherein one or both R« and 
R7 arc 

O 
II 

— C— R5 

can be prepared by methods known in the art from the 
corresponding compounds of formula 1 wherein R^and 
R7 are hydrogen. 

For examples of acylation procedures see: '^Synthetic 
Procedures in Nucleic Acid Chemistry", VoL 1, W. W. 
Zorbach and R. S. Upson, Eds., John Wiley and Sons, 
1968; "Nucleic Acid Chemistry," Part 1, L.B. Town- 
send and R. S. Tipson, Eds., John Wiley and Sons, 1978; 
Y. Ishido, et al.. Nucleosides and Nucleotides, 5, 159 
(1986); J.C. Martin, et al., / Pharm. ScL 76, 180 (1987); 
A. Matsuda, et al.. Synthesis, 385 (1986). 

Compounds of formula 1 wherein Rj is 
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I) 

' \ 

R4 



scribed by K. Biggadike et al., / Chem. Soa Perkin 
Trans 1. 549 (1988), the IS-enantiomer of the compound 
of fonnula 3 can be prepared from the 1 S-enantiomer of 
the compound of formula 



Boi 



10 




46 



N=CH— N 



HO 



\ 



R4 



IS 



and the 1 S-enantiomer of the compound of fonnula 46 
can be prepared by reaction of the compound of for- 
mula 



can be prepared from the corresponding compound of 
fonnula 1 wherein Ri is 

o NH2 

*y xj NH-i or \* VI 



47 



with the chiral hydroboratiDg agent, (— )-diisopmocam- 
pheylborane i.e. (— }-diisopinan-3-ylborane]. 
The compounds of formula 1 wherein Ri is 



by procedures known in the art See, for example, A 
Holy and J. Zemlicka, Collect Czech Chem. Commun, 30 
32, 3159 (1967); K.K. OgDvie, et al.. Nucleosides and 
Nucletides, 4, 507 (1985); M.H. Canithers, et al., /. 
Amen Chem, Soc,, 108, 2040 (1986). 

Oompounds of the formula 1 wherein R^ and/or R7 
are — PO3H2 can be prepared from the conesponding 35 
compounds of formula 1 wherein R^ and R? are hydro- 
gen by procedures known in the art. See, for example, 
H. Schaller, et al., /. Amer. Chem, Soc, 85, 3821 (1963); 
J. Beres, et al., /. Med Chem.. 29, 494 (1986); R. Noyori, 
et al., Tet Lett, 28, 2259 (1987); W. Pfeiderer, et al., 40 
Helv. Chim. Acta,, 10, 1286 (1987); "Nucleic Acid 
Chemistry". Part 2, L.B. Townsend and R.S. Tipson, 
Eds.. John Wiley and Sons, 1978. 

Unless otherwise stated, the stereochemistry shown 
for the compounds of this invention and intermediates 
leading to compounds of this invention is absolute. It is 
drawn to show that in the compounds of this invention, 
the base represented by Ri is cis to the — CH2OR6 sub- 
stituent and trans to the — OR7 substituent attached 
directly to the cyclopentyl ring. It is also drawn to ^ 
show that the absolute stereochemistry of the cyclopen- 
tyl carbon attached to the base (Ri) is "S". 

For example, the 1 S-enantiomer of the compound of 
formula 1 wherein Ri is 



NH2 




55 



II 



NH2 NH} 



O— R4 o 



NH 



, N NH2, « ^ N 



NH2 



and R^and R7 are hydrogen, [lS-(la,3a,4)5)]-2-amino- 
1 .9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)-2- 
methylenecyclopentyl]-6H-purin-6-one, can be pre- 
pared from the 1 S-enantiomer of the compound of for- 
mula 2. The 1 S-enantiomer of the compound of formula 
2 can be prepared from the 1 S-enantiomer of the com- 
pound of formula 3. By following the procedure de- 



" N ^ N N=CH-N^ 
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N 
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O 
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NHC— Rs 



■nd 



10 



15 



I w 'NHC-R5 



can fonn acid addition salts with inorganic or organic 20 
acidSi Illustrative are the halide (e.g., chloride and bro* 
mide), alkylsulfonate, sulfate, phosphate and caiboxyU 
ate salts. 

The compounds of formula I wherein Ki is 



25 



30 




ii 



NH 

N NHC— R5,«nd 
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can form basic salts with inorganic and organic bases. 
Illustrative are alkali metal salts (e.g.| sodium and potas* 
tium)» alkaline earth metal salts (e.g. calcium and mag- 
nesium), anunohium and substituted ammonium salts. 

The compounds of formula 1 wherein and/or R? 60 
are — FOsHi can form basic salts with inorganic and 
organic bases. Illustrative are the alkali metal salts (e.g., 
sodium and potassium), alkaline earth metal salts (e.g., 
calcium and magnesium), anunonium and substituted 
ammonium salts. 65 

The following examples arc specific embodiments of 
this invention. All temperatures arc given in degrees 
Centigrade. 



Example 1 

[lS-{la,3a,4^)]-2-Amino-1.9-dihydro-9-[4-hydroxy.3- . 
(hydroxymethyl).2-methylenecyclopcntyl]-6H-purin- 
6-one 

A (— )-£>iisopmocampheylborane 

(— ^Diisopinocampheylborane was prepared accord- 
ing to the procedure of H.C. Brown ct al., / Org. 
Chem., 49, 945 (1984) starting with (lRH+>a-pinene 
having [a]D23 +48* (neat). (lRH+><i-pincne (158.8 
ml, 1 mol) was added to a stirred solution of lOM borane 
. methyl sulfide complex in methyl sulfide and 1000 ml 
of dry tetrahydrofuran at 0* under argon. After the 
addition, the flask was stoppered and left to stand at 5*. 
After 16 hours, additional (lR)-(+)-a-pinene (15.8 ml, 1 
mol) was added, and the suspension was stirred for 8 
hours at 5*. The solvents were removed by cannulation, 
and the residual solids were then washed with three 130 
ml portions of dry ether (via cannulation) and dried in 
vacuo to give 205 g of (-)-dii5opinocampheylborane. 

B. 

(1 S-trans>2-(Phenylmcthoxy)methyl]-3-cyclopenten- 1- 
ol 

The known title compound and the title compounds 
in sections C and D were prepared by modification of 
the method of K. Biggadike et al., / Chem, Soc Perkin 
Trans, 1, 549 (1988). Cyclopentadiene (28.68 g, 0.434 
mol), maintained at —30*, was added over 1 hour to a 
stirred mixture of 22.5 g of 40% sodium sand in mineral 
^il (0.391 ( 5 g atm) m dry tetrahy drofuran n56 ml) at 
— lU' un'der nitrogen. After the addition, the mixture 
was cannulated to an addition funnel at 0* C. and added 
over 1.3 hours to a stirred solution of benzyl chloro- 
methyl ether (65.2 ml, 0.4^9 mol) in tetrahydrofuran 
(130 ml) at " 50* under nitrogen. After the addition, the 
reaction was stirred at —45* for 1.3 hours and then 
cooled to -60* . Tetrahydrofuran (390 ml) was added 
followed by the above preparation of (— > 
diisopinocamphcylboranc (136 g, 0.477 mol). The reac- 
tion was stirred for 1 hour at —60* C, warmed to — 10* 
C. over 1.5 hours and then stirred for 16 hours at +5*. 
After concentrating the reaction mixture in vacuo to 
one half of its original volume, ether (390 ml) was 
added. The stirred mixture was cooled to 0* and then 
3N sodium hydroxide (156 ml, 0.469 mol) was added 
over 45 minutes keeping the temperature at 0*. Then, 
30% hydrogen peroxide (156 ml) was added over 1 
hour while maintaining the temperature below 12*. 
After the addition, the reaction was stirred for 1 hour at 
10*, and then the layers were separated. The aqueous 
layer was washed with ether (300 ml) and aD ether 
layers were combined, washed with aqueous sodium 
chloride, dried (sodium sulfate), and concentrated in 
vacuo to a residue. Chromatography of the residue on a 
colunm of Merck alica gel (5000 ml) using petroleum 
ether<ther (2:1) gave a 10 g fraction of impure desired 
product, a 15.72 g fraction of pure desired product, and 
a 2.7 g firaction of impure desired product The 10.0 g 
and 2.7 g fractions were combined with 4.7 g of impure 
desired product from several other similar reactions, 
and the mixture was chromatographed over 1500 ml of 
Merck silica gel, using petroleum ether-ether (2:1 and 
then 1:1), to give an additional 8.00 g of pure desired 
product 
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and afiter 10 minutes, tbe reaction mixture was concen- 

[lS-(la.2a,3A5a)].2.[(Phcnylmethoxy>methyl]^ "^"^ » ^ » 

ox;bicycloI3.1.0]bexan-3il °° « ~l»?f ^erck s>hca gel (2000 m^) usmg 

8 gradient of dichlorometbane to 5% methanol u di- 

A solution of 3M t-butyl hydroperoxide in 2,2,4- 5 chloromethane gave 9.03 g of partially purified desired 

trimethylpentane (87 ml, 0.261 mol) was added to a product. Chromatography of this material on a column 

solution of (lS-trans>2.[(phenyl.^^^ of SilicAR CC-7 (1000 ml) using a gradient of chloro- 
cyclopent«i- -o! (29.63 g 0.145 mol) and vanad^ace- ^ ethanol in chloroform afforded 6.63 g of 

tylacetonatc (400 mg) m diy djchloromethane (60 ml) desired product 

under nitrogen over 75 minutes keeping the tempera- 10 *^ ^ 
ture at 25*. The mixture was stirred at room tempera- F. 

ture for 16 hours and then cooled to 0*. Saturated aque- [lS-(la^/5,3a,5i3)]-5-l2-[[(4-MethoxyphcnyI)-dipheriyI- 
ous sodium sulfite (150 ml) was added over 1 hour keep- methyl]aminol-6-(phenylmethoxy>9H- 

ing the temperature below 20*, and the reaction was purin-9-yI]-3-(phenylmethoxy>2-[(phenyl-methoxy)me- 
stirred at room temperature for 1.5 hours. The layers 15 thyllcyclopentanol 
were separated, and the aqueous layer was extracted 

with dichlorometbane (50 ml). The organic layers were p-Anisylchlorodiphcnyhnethane (3.37 g, 10.9 mmoO. 

combined, washed with water (50 ml), dried (sodium triethylamine 2.35 ml, 16.8 mmol) and 4-dime- 

sulfate) and concentrated in vacuo to a residue. Chro- thylaminopyridinc (40 mg) were added to a solution of 

matography of this residue on a column of Merck silica 20 [lS-(la,2A3a,5)5)-5-[2-amino-6-(phenyl-methoxy>-9H- 

gel (2000 ml), cluting with a gradient of 33-50% ether purin-9-yl]-3-phenylmethoxy)2-[(phcnyl-methoxy)me- 

in petroleum ether, afforded 24.19 g of pure desired thyl]cyclopentanol (5.45 g, 9.89 mmol) in dry dicbloro- 

product Similar chromatography of impure fractions methane (75 ml) under nitrogen, and the mixture was 

on Merck silica gel (400 ml) using petroleum ether-ether stirred at room temperature for 3 hours. The reaction 

(1:1) gave an additional 2.71 g of desired product for a 25 was washed with 5% aqueous sodium bicarbonate (30 

total yield of 26.90 g. The desired product had nj) and then water (10 ml), dried (sodium sulfate), and 

la]£P+44.6' (c, 1.0, CHCI3) and optical purity of ca. concentrated in vacuo to a residue. Chromatography of 

87%. (See K. Biggadike et al., / Chenu Soc Perkin residue on a column of SilicAR CC-7 (600 ml) 

Trans, 1, 549(1988). -packed in chloroform and cluting with chloroform- 

p. ^ ethanol (99:1) gave 1.5 g of pure desired product Chro- 

[1 S-( 1 a,2a,3)3,5a)]-3-(Phenylmethoxy)-2-[(phenylme- matography of impure fractions on a column of SilicAR 

thdxy)methyl]-6-oxabicyclo-[3.1.0]hexane .CC-7 (700 ml) packed in chlorofonn and eluting with 

T« - i;r,cr ;« chloroformetbanol (99.5 : 0.5) afforded an additional 

io a mixiure 01 ouye sooium nyanae m nunerai ou . j • j j 

(5.11 g. 0.128 mmol) in dry tetrahydiofuran (247 ml) at 35 « " P"'" product 

im temperature under nitrogen was added, dropwise 

er twenty minutes, a solution of [lS-(la,2a,3P,5o)]- [2R-(2a.3A5a)]-5-[2-[K4-Metlioxyphenyl)-diphenylmc- 
2-[pliePvlmethDxy)-methyl-6^»abicyclor3.1.01hexan- thyl]amino]-6^henylmethoxy)-9-purin-9-yII-3- 
3J^(23.58 g,Tn™) m teirahydroiunm (l23 mi^ (philmeiS-2-[Uenyln^thoxy)methyl]-l- 
The mixture was stirred at room temperature for 2 40 wclooentanone 
hours and at 40* for 1 hour and then cooled to room 

temperature. Benzyl bromide (15.2 ml, 0.128 mol) and To a solution of [lS-<la^)3,3a,5)3)]-5-[2- [[(4-methox- 
tetrabutylammonium iodide (412 mg) were added, and yphenyl)diphenyhnethyl]amino]-6-Q)henylmethoxy> 
the reaction was stirred for 3 hours at room tempera- 9H-purin-9-yl]-3-(phenylmethoxy)-2-[(phenylmethox- 
ture. Ethanol (20 ml) was added, and after 10 minutes, 45 y)methyl]cyclopentanoI (4.10 g, 4.88 mmol, dried by 
the solvents were removed in vacuo. The residue was concentration in vacuo from dry toluene) in dry di- 
taken up in water (200 ml) and ether (200 ml) and the methyl sulfoxide (12 ml) at room temperature under 
layers were separated. The aqueous layer was extracted nitrogen was added 1,3-dicyclohexylcarbodiimide (3.08 
with ether (200 ml) and the organic layers were com- 14.9 nynol) and mcthylphosphonic acid (0.239 g, 2.49 
bined, dried (sodium sulfate), and concentrated in vacuo 50 mmol). The reaction was stirred at room temperature 
to a residue. Chromatography of this residue on a col- ^j. 4 ^qj^ and then stored at -20* for 16 hours. After 
(2000 ml) i^g a gradient of ^ temperature, oxalic acid dihydrate 

33-50% c^er m peuoleum ether afforded 27.21 g of ^ ^^^^^ (g ^^^^ 

desired product reaction was filtered, and 

£. the filtrate was diluted with dichlorometbane and wa- 

[lS-(la,2i5,3a,5i5)-5-l2-Amino-6-(phenyl-methoxy>9H- ter. The organic layer was washed with water (3x70 
purin-9-yl]-3-(phenylmethoxy)-2-[(phenylmethoxy)me- ml), dried (sodium sulfate), and concentrated in vacuo 
thyl]cyclopentanol to a residue. The residue was taken up in dichlorometh- 

Uthium hydride (80 mg, 10 mmol) was added to a 60 ^0 concentrated in vacuo to a 

stirred solution of [lS-(la,2a,3A5a)]-3-(phenylmethox- residue. (An «HNMR spectrum mdicated the presence 
y)-2-[(phenyhnethoxy)methyI]-6K)xabicyclo[3.1.0]hcx- of unreacted 1,3-dicyclohexylcarbodiimide). The resi- 
ane (6.2 g, 20 mmol) and 2-amino-6-(phenyhnethoxy)- due was dissolved in dimethyl sulfoxide (9 ml) and then 
9H-purine (9.64 g, 40 mmol) in dry dimethylformamide treated with mcthylphosphonic acid (1 50 mg) in mctha- 
(80 ml) at 60* under nitrogen. The temperature was 65 nol (6 ml) and oxalic acid dihydrate (60 mg). The mix- 
increased to 125', and the reaction was stirred at this ture was stirred at room temperature for 4 hours and 
temperature for 10 hours and then at room temperature worked up as previously described to give crude de- 
for 6 hours. Acetic acid (572 pA, 10 mmol) was added, sired product as a residue (3.73 g). 
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H. Zinc - Titanium Tetrachloride - Dibromomethane 
Complex (Preparation 1) 

This complex was prepared according to the proce- 
dure of L. Lomhardo, Tetr. Let, 23, 4293 (1982). Tita- 
nium tetrachloride (ll.S ml, 0.105 mol) was slowly 
added dropwisc to a stirred mixture of rinc dust (28.76 
g, 0.44 mol) and dibromomethane ( 10. 1 ml, 0. 143 mol) in 
dry tetrahydrofuran (300 ml) at —40' under nitrogen. 
The mixture was wanned to 5* over 30 minutes, and 
then stirred at 5' for 4 days under argon. The slurry was 
stored at —20* under nitrogen and wanned to room 
temperature prior to use. 
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[lS-(la,3a,4^)l-N.t(4-MethoxyphenyI)diphenyl- 
methyl]-6-(phcnylmcthoxy)-9-[2-methylene-4-(phenyl- 
methoxy>3-[(phenylmethoxy)methyl]-cyclopentyl]- 
9H-purin-2-amine 

To a solution of [2R-{2a,3)3,5a)]-5-[2-I[(4-mcthoxy' 
'phcnyl)diphe nylmethylanaino]-6<phCTylm 

■9-ylHc(fih eayi^S cOio xy>-2-[( phCTyImethogy)nle- 
thyl)-l-cyclopc5taiionc"(lTK0 g, 2.lTmmo]) in dry di- 
chloromethane (40 ml) under nitrogen was added a 
slurry of zinc - titanium tetrachloride - dibromomethane 25 
complex in tetrahydrofuran (Preparation 1, Example 
IH) (40 ml, ca. 12.3 mmol). The mixture was stirred at 
room temperature for 3 hours, and slowly poured into a 
mixture of saturated aqueous sodium bicarbonate (200 
ml) and dichloromethane (200 ml). After stirring for 20 30 
minutes, the mixture was filtered through Celite. The 
Celite was washed with dichloromethane, and the lay- 
ers in the filtrate were separated. The aqueous layer was 
extracted with dichloromethane, and the combined 
organic layers were dried (magnesium sulfate) and 
evaporated to a residue. The residue was taken up in 
dichloromethane and filtered through Celite. Concen- 
tration of the filtrate gave crude desired product as a 
residue (1.43 g). 



[lS-(Ia,3a,4)8)]-2-Amino-l,9-dihydro-9-[2-methylene- 
4-(phenylmethoxy)-3-[(phenyl-methoxy)methyl]cy- 
clopcntyl]-6H-purin-6-one 

A mixture of crude [lS-(la,3a,4^)]-N-[(4-methoxy- 
phenyl)diphenylmethyl]-6-(phenylmethoxy>9-[2- 
methylene-4-(phenylmethoxy)-3-[(phenylmcthoxy> 
methyl]cyclopentyl]-9H-purin-2-amine (2.5 g). tetrahy- 
drofuran (25 ml), methanol (25 ml) and 3N hydrochlo- 
ric acid (12.5 ml) was heated at 50' for 2.5 hours and 
cooled to room temperature. The pH was adjusted to 
7.3 with IN potassium hydroxide, and the mixture was 
extracted with ethyl acctete Pxl20 ml). The ethyl 
acetate extract was dried (sodium sulfate) and concen- 
trated in vacuo to a residue, which was applied to a 
column of Merck silica gel (340 ml) packed in 3% etha- 
nol in chlorofonn. jQution with a gradient of 3-20% 
ethanol in chlorofonn gave 316 mg of desired product 
as a residue. 



chloromethane (6.7 ml, 6.7 mmol). The reaction was 
stirred at —78* for 2 hours and then at -40' for 30 
minutes. After cooling the reaction to -78* , methanol- 
(60 ml) was added slowly over 10 minutes. Upon warm- 
ing to room temperature, the mixture was concentrated 
in vacuo, and then concentrated four times from 40 ml 
portions of methanol The residue was dissolved in 
methanol (5 ml) and water (5 ml), and the pH was ad- 
justed to 6.8 u^ng IN potassium hydroxide. After con- 
centration in vacuo, the resulting durry was applied as 
a suspension to a column of 16 ml of CHP-20P resin 
(Mitsubishi Chemical Industries Ltd., 7S-1S0 micron) 
packed in water. Elution with a gradient of water to 3% 
acetonitrile in water and concentration of fractions in 
vacuo afforded the desired product as a solid (115 mg) 
having m.p.>220^ and [a]/^-H34' (c, 0.3, water). 

Anal. calcU for C12H15N5O3.O.9 H2O C, 49.12; H, 
5.77; N, 23.87 
Found C, 49.17; H, 5.87; N. 23,81. 

EXAMPLE 2 

[lS-(la^a,4)3)>l-[4-Hydroxy-3-(hydroxymethyI)-2- 
methyIenecyclopcntyI]-5-methyl-2,4(lH,3H)-pyrimi- 
dinedione 

A. 

[lS-(la^)5,3a,4^)]-l-[2-Hydroxy-4-(phenyl-methoxy)- 
3-[(phenylmethoxy)mcthyl]cyclo-pcntyl]-5-methyl- 
2,4( 1 H,3H)-pyrimidinedione 

A mixture of 3.10 g (10 mmol) of [lS-{lo,2a,3/3,5a)]- 
3-(phenyhnethoxy>2-[(phcnyl-mcthoxy)mcthyl]-6- 
oxabicyclo[3.1.0]hexane (dried by concentration in 
vacuo from three 10 ml portions of dry toluene) and 
thymine (2.52 g, 20 mmol) in 40 ml of dry dimcthyl- 
formamide under argon was placed in an oil bath at 55* 
and stirred for 5 minutes. Sodium hydride (240 mg of 
60% sodium hydride in mineral oil, 6 mmol) was added, 
and the temperature was increased to 140*. After 62 
hours, the reaction was cooled to room temperature and 
40 quenched by addition of 0.45 ml of glacial acetic ^d. 
The solvent was removed in vacuo (55*/lnmi), and the 
residue was triturated with dichloromethane and fil- 
tered. Evaporation of the filtrate gave a residue (4.93 g), 
which was applied to a colunm of Merck silica gel (140 
45 g) packed in dichloromethane. Elution with dichloro- 
methane and then 3% methanol in dichloromethane 
gave 1.89 g of pure desired product and 2.03 g of impure 
product Chromatography of the 2.03 g fraction on 120 
g of Merck silica gel using dichloromethane and then 
50 3% methanol in dichloromethane provided 0.90 g of 
additional pure desired product for a total of 2.79 g. 
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K. [lS-(la^a,4^)]-2-Amino-l,9^ydro-9- 
[4-hydroxy-3-(hydroxymethyl)-2-methylene-cyclopen- 
tyl]-6H-purin-6one 

To a stined solution of [lS-(la,3a,4jS)]-2-amino-l,9- 



B. 

lS-(la,3a,4j5)]-5-Methyl-l-[2-oxo-Hphenyl-methoxy> 

3-^henylmethqxy)methyl}cyclo-pentyl].2,4(lH,3H^ 
pyiimidinedione 

To a solution of 2.74 g (6.28 mmol) of IlS-(la^i3,- 
3a,4)3)]-l-[2-hydroxy-4-(phcnyhncthoxy)-S-((phenyl- 
mcthoxy)mcthyl]cyclopcntyl]-5-methyl-2,4-(lH,3H> 
60 pyrimidinedione (dried by concentration in vacuo from 
two 25 ml portions of dry toluene) in 12.5 ml of dry 
dimethyl sulfoxide at room temperature under argon 
was added 3.88 g (18.8 mmol) of 1,3-dicyclohexylcar- 
bodiimide and 0.301 g (3.14 mmol) of methylpbos- 



ydro-9-2-methylene-4-(DhCTyl-methoxyV3- [( ^nv ^ 5 phonic acid. The reaction was stirred at room tempera- 



methoxy)mcthyl]cyclopentyl]-6H-purin-6-one (304 mg, 
0.673 mmol) in dry dichloromethane (12 ml) at —78' 
under nitrogen was added IM boron trichloride in di< 



ture for 3 hours, stored at —20* overnight, and stined at 
room temperature for 2 hours. Methanol (2.5 ml) and 
oxalic acid dihydrate (25 mg) were added, and the reac- 



tion was stixred for 4 hours. The reaction mixture was mg, 1.07 mmol) in 19 ml of dry dichloromethane at 

filtered, and the solids were washed with dichlorometh- — 70* under argon was added, over 5 minutes, 10.7 ml of 

ane. The filtrate was diluted to 250 ml with dichloro- IM boron trichloride in dichloromethane. The reaction 

methane, washed with water (3 X 100 ml), dried (sodium was warmed to -40* over 2.5 hours and then cooled to 

sulfate) and evaporated to a residue (3.64 g). OHNMR 5 _70\ Dry methanol (20 ml) was added dropwise over 

analysis indicated some undecomposed 1,3-dicyclohex- 5 minutes, and then the cooling bath was removed, 

ylcarbodiimide). The residue was dried by concentra- j^j^ stirring for 30 minutes, the reaction was concen- 

tion in vacuo from 25 ml of dry toluene. To the dried ^^ated in vacuo to a residue. The residue was concen- 

residue was added 12 ml of dry dmiethyl sidfo«de 83 ^ ^ ^ions of dry methanol 

mg (0.86 mmol) of meAylphospW 10 and then dissolved in methanol (10 ml) and water (6 ml), 

methanol, and 25 mg of oxahc acid dihydrate, The mix- jj ^ 7 ^ ^ ^ 5 ^ ^ 

mre w^ stirred at room tcmpemtoe mid argon for 4 ^ ^ ^ , ^^^^ 

hours, filtered and washed with dichloromethane. The ^""o^- luc mcuumui w» jcmuvcu lu vauuu. xuc 

filtrate was diluted with dichloromethane to 250 ml, ^^^T^'"'' f^^^'f to a column (32 ml) of 

washed with water (5XlOQml), dried (sodium sulfate), 15 ^^^'^Z: 

and evaporated to give 2.83 g of crude desired product then 5% imd 10% methanol m water gave 194 mg 

as a residue. desired product as an amorphous residue. This resi- 
due was combined with an additional 70 mg of desired 

C. product from another run and lyophilized from water to 

[lS-(lc^3a,4)5)]-5-Methyl-l-[2-mcthylene-4-(phenylme- ^ give 215 mg of desired product having m.p. 52-60* and 

thoxy)-3-(phenyhnethoxy)methyl]-cyclopentyl]- [dlrP +59* (c, 0.3, water). 

2.4(1 H,3H>pyrimidinedione ^nal. calc'd. for C12H16H2O4.O.4 H2O 

To crude [lS-(la,3a,4)5)-5.Methyl-l-[2oxo-4- Q 55.53; H. 6.53; N. 10.80. 

(phenyhnethoxy>3-[(phenylmcthoxy)methyl]- Found: C, 55.49; H, 6.29; N, 10.84. 

cyclopentyl]-2,4(lH,3H)-pyrimidinedione above (2.81 25 pyampt P 3 

g) (dried by concentration in vacuo from three 25 ml xiAAMf 3 

portions of dry toluene) in 100 ml of dry dichlorometh- [lS-(la,3a,4y3)]-4-Amino-l-[4-hydroxy-3-hydroxyme- 

ane under argon was added 41 ml of a sliury of zinc - thyl)-2*me1hy]enecyclopentyl]-2(lH)-pyrimidinone 

titanium tetrachloride -dibromomethane complex in . 

^iJ^^J^'^'f^l^H^^r^t^^rri; ^^S'JSiL« llS-(la^Wa.4^)M-[2-Hydroxy^benyl-methoxy)- 

mmol). The reaction was stirred at room temperature > ' ' ^ ,1 1 ^/,Tr -*t^ 

for 4 hours, and then a 0.7 ml aliquot was r^oved. H(phenylmethoxy)methyl]cyclopentyl]-2,4(lH, 

Saturated aqueous sodium bicarbonate solution (1 ml) pynmidmedione 

was added tc the aliquot, and the mixture was stirred at To a solution of [iS*(Ia,2a,3;3,5a)]-3-(pbeQylme- 

room temperature for 5 minutes. The mixture was ex- 35 thoxy)-2-[(phenyImethoxy)methyI]-6-oxabicyclo[3.l.O- 

tracted with dichloromethane (3x), and the dichloro- Jhexane (3.28 g, 10.6 mmol) in dry dimethylformamide 

methane extract was dried (magnesium sulfate) and (40 ml) was added uracil (2.37 g, 21.2 mmol) and 60% 

evaporated to a residue. The residue was taken up in sodium hydride in mineral oQ (254 mg, 6.34 mmol). The 

dichloromethane, filtered through Celite and evapo- suspension was heated at 140* for 5 days under nitrogen, 

rated to a residue, whose I.R. spectrum (dichlorometh- 40 and then cooled to room temperature. Acetic acid (1.2 

ane) indicated a weak band at 1755-1745 cm-i indica- mj) a^ded, and the solvents were removed in 

tive of starting ketone. Additional zinc - titanium tetra- y^cuo. Chromatography of the residue on a column of 

chloride - dibromomethane complex (10 ml, 3 mmol) i^^j-ck silica gel (400 ml. packed in dichloromethane. 

was added to the reaction, and stirring was continued 3 of dichloromethane to 5% meth- 

for 1.5 hou^.Exammationof therMCUo^ 45 dichloromethane) afforded 2.68 g of desired 

SIS mdicated a very weak band at 1755-1745 cm- >. The ^ ^ ^^^^^^ 
reaction was poured mto 250 ml of saturated aqueous 

sodium bicarbonate solution and dichloromethane (250 B. 
ml), stirred vigorously for 15 minutes, and filtered lS-(la,3a,4j3)]-l-[2-Oxo-4-(phenylmethoxy)-3- 
through Celite. The layers in the filtrate were separated, 50 [(phenylmethoxy)methyl]cyclopentyl]-2,4(lH,3H)- 
and the aqueous layer was extracted with dichloro- pyrimidinedione 
methane. The combined dichloromethane extracts were . r^e/i'^oo.iM^rnuj a 
dried (magnesium sulfate) and evaporated to a residue. , ^ i^t^^'f ^d'^^^^lf ^^'^T^^"^ 
which was taken up in dichloromethane. After filtra- (phenylme^oxy)^^^^ 
tion,thedichloromethanewasconcentratedtoaresidue 55 pentyI]-2,4(lH,3H)-ppmudmedione(^^ 
(2.44 g). which was appUed to a column of Merck silica f"^. concentration in vacuo from dry toluene), 
gel (200 g) packed m chloroform. Elution of the column 1.3-dicyclohexyIcarbodumide (3.77 g, 18.3 mmol) and 
with chloroform (1000 ml) and then ethyl acetate- methylphosphomc acid (293 mg, 3.05 mmol) m dry 
chloroform (15:85) gave 690 mg of desired product as a dimethyl sulfoxide (15 ml) was stirred at room tempera- 
residue. 60 under nitrogen for 5 hours. Oxalic add dihydrate 

(75 mg) in methanol (10 ml) was added, and the reaction 
was stirred for 4 hours and filtered. The precipitate was 

[lSKla,3a,4;3)]-l-[4-Hydroxy-3-(hydroxy-methyI)-2- washed with dichloromethane (80 ml) and the filtrate 

methy}enecyclopentyl]-5-methyl-2,4(lH,3H)-pyTimi- and washes were combined, extracted with water 

dinedione ^5 (3 ^ 59 ^j)^ ^j^ed (sodium sulfate), and concentrated in 

To a stirred solution of [lS-(la,3a,4i5)]-5-methyl-l- vacuo to a residue. The residue was dissolved in 20 ml 

[2-methylene-4-(phenylmethoxy)-3-[(phenylmethoxy)- of chloroform, filtered through Cehte, and concen- 

methyl]cyclopentyll-2,4(lH,3H)-primidinedione (463 trated in vacuo to give 2.61 g of crude desired product 
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^ methanol in chloroform gave 1 77 mg of desired product 

[lS-(la3a,4j3)]-l-[2-Methylcne-4-(phenyl-mcthoxy).3- ' * 

[(phenylmethoxy)methyl]cyclo-pcntyl]-2.4{lH.3I^)- • F. 

pyrimidinedione j [lS-(la,3a,4^)]-4- Amino- l-[4-hydroxy-3-hydroxyme- 

A slurry of zinc - titanium tetrachloride - dibromo- thyl)-2-methylenecyclopcntyl]-2(lH)-pyrimidinone 

methane complex in tctrahydrofuran (Preparation 1, To a solution of [lS-(la,3a,4^)]-4-aniino-l-I2-methy- 

Example IH) (45 ml, 13.5 mmol) was added to a solu- lcne-4-(phcnylmethoxy)-3-I(phenylmethoxy>methyl]- 

tion of crude [lS-(la,3a,4j3)]-l.[2-oxo-4-(phcnyhne- cyclopcntyl]-2(lH)-pyrimidinone (164 mg» 0.393 mmol) 

i aioxy>3-to hen ylnaethoxy)methyl<yclo^ 10 in dry dichloromethane (8 ml) at -78* under nitrogen 

X4(lH,3H>pyTinidineaionc g, dried by conccn- was added, over 3 minutes, IM boron trichloride in 

tration in vacuo from dry toluene) in dry dichloromcth- dichloromethane (3.93 ml, 3.93 mmol). The reaction 

anc (40 ml), and the mixture was stirred for 3 hours was stirred for 1.5 hours at -78', and then methanol (9 

under nitrogen at room tempcra-turc. Additional 0.3 M ml) was added over 5 minutes. After warming the rcac- 

rbc - titanium tetrachloride - dibromomethane complex 15 tion to room temperature over 20 minutes, the solvents 

(10 ml) was added, and the reaction was stirred for 3 were removed in vacuo, and the residue was concen- 

hours at room temperature and then stored at -80* for trated from methanol (3x 15 ml). The residue was dis* 

16 hours. The reaction was warmed to room tempera- solved in water and methanol, and the pH was adjusted 

turc and poured into saturated aqueous sodium bicar- to 7 using IN potassium hydroxide. The methanol was 

bonate (250 ml) and dichloromethane (250 ml). The 20 removed in vacuo, and the aqueous slurry was applied 

mixture was stirred for 1 hour and then filtered through to a column of CHP 20P resin (70 ml) packed in water. 

CeUte. The layers in the fdtrate were separated, and the Elution of the column with a gradient of water to 20% 

orgamc layer was extracted with water (2 X 100 ml). All methanol in water gave 48 mg of desired product as a 

organic layers were combined, dried (sodium sulfate) solid having m.p. 75*-78* and [a]iP +51' (c..0.29, 

and concentrated in vacuo to a residue (2.5 g). Chroma* 25 water). 

tography of this residue on Merck silica gel (400 ml. Anai. calc'd. for CuHisN303,1.34 H2O: 

packed in chloroform) by elution with a gradient of q 50.56; H, 6.82; N, 16.08. 

chloroform to 30% ethyl acetate in chloroform gave Found: C, 50.58; H,*6.31; N, 16.06. 
700 mg of desired product as a residue. 

^ 30 EXAMPLE 4 

tlS-(la^a,4j9)].l.[2.Methylene-4Kphenyl.methoxy)-3- IlSKlc^3a,4«H-4.Hydroxy-3<hydrox 
I(phenyhnethoxy)mcthyl]cyclo-pentyl]-4-(lH-l,2.4- inethylenecyclopcntyl]-5.iodo-2,4(lH,3H).pynmi- 
triazol-l.yl>2(lH>pyrimidinone dmedione 

To a stirred solution of [lS-(la^a,4j3)]-l-[2-methy- 35 ^ , 

lene-Hphenylmethoxy)-3-[(phenylmethoxy)-methyl]. [lS<la^^,3M^)]-l-[2-Hydroxy-4^hcnyl-^ 
cyclopentyl]-2,4(lH,3H>pyrimidinedione (494 mg, 1.18 3-I(phcnylmethoxy>mcthyI]c^^^^ 
mmol) m dry pyridine (4 ml) at room temperature under 2,4(1 H,3H)-pynmidmedione 

nitrogen was added 4-chlorophenyl dichlorophosphate To a solution of [lS-(la^)3,3a,4)3)]-l-[2hydroxy-4- 
(518 /il, 3.19 mmol). After 5 minutes, l,2,4-tria2ole (448 40 (phcnylmethoxy>-3-[Q)hcnylmethoxy>methyl]cy- 
mg, 6.49 mmol) was added and the reaction was stirred clopentyl]-2,4(lH,3H>pyrimidinedione (1.32 g, 3.12 
for 5 days. The solvents were removed in vacuo, and mmol) in dry dioxanc (50 ml) was added iodine 1.59 gm 
the residue was dissolved in dichloromethane (100 ml) 6.25 mmol) and 0.8 N nitric acid (4.1 ml, 3.34 mmol). 
and extracted with water (2x20 ml) and 5% sodium The reaction was heated at 90* for 3 hours, and after 
bicarbonate (2x20 ml). The organic layer was dried 4S cooling the reaction to room temperature, a saturated 
(sodium sulfate) and concentrated in vacuo to give 586 solution of sodium thiosulfate was added until a light 
mgpf crude desired product orange color persisted. Water (50 ml) was added, and 

P themixture was extracted with dichloromethane (3x70 

rtc/1 1 Ao\iAA • 10 *u 1 ^/u 1 ml). The organic extract was dried (sodium sulfate) and 

[IS<la,3M^^^ 50 concentrated in vacuo to a residue. Chromatography of 

thoxy)-3.[(phenyknethoxy)methyllHcyclopentyl]-2(lH^ ^ ^^^^ ^ ^^^^ gel(100 ml, 

pynmiamone packed in dichloromethane) using a gradient of dichlo- 

Concentrated anmionium hydroxide (12 ml) was romethane to 3% ethanol in dichloromethane gave 895 

added to a solution of crude [lS-(la,3a,4)3)]-}-[2- mg of desired product as a residue. 

methylcne-4-(phenyhncthoxy)-3-(phenylmethoxy)- 55 

methyl]cyclopcntyI]-4-(IH.lA4-triazoI-l-yl)-2(lH> , .«o.t^ , r?* ..^ , . 

pyrimidinone (586 in dioxane (12 ml, purified by 1^^^^^?* W-Iodo.l.p^^ 

passage through basic alumina). The reaction was [(phenyhneaioxy)me±yl]cyclc>-pcntyl].2,4(lH,3H> 

stirred at room temperature under nitrogen for 16 pyrimidinedione 

hours. Additional ammonium hydroxide (1 ml) was 60 A solution of [lS-(lc^2/3»3a,4^)}-l-[2-hydroxy-4- 

added, and reaction was stirred for 3 hours longer. (phcnylmethoxy>-3-[(phenyhnethoxy>methyl]cy- 

After removal of solvents in vacuo, the residue was clopentyl]-5-iodo-2,4(lH,3H)-pyrimidmedione (687 mg, 

dissolved in dichloromethane (75 ml). The dichloro- 1.25 nunol, dried by concentration in vacuo f^om dry 

methane solution was extracted with 5% sodium hy- toluene) in dry dichloromethane (4 ml) was added to a 

droxide (2x20 ml), dried (sodium sulfate), and concen- 65 suspension of pyridinium dichromate (801 mg, 2.13 

trated in vacuo to a residue. Chromatography of this mmol, dried in vacuo over phosphorus pentoxide) and 

residue on a column of Merck silica gel (100 ml, packed crushed 3A molecular sieves (801 mg, dried at 325*). 

in chloroform) by elution with a gradient of 2% to 8% The reaction was stirred at room temperature under 
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nitrogen for 2 hours, and filtered through Whatman #1 product as a solid, which was combined with 9 mg of 

filter paper. The precipitate was washed with dichloro- additional desired product from a similar smaller scale 

methane, and the filtrate was concentrated in vacuo to reaction to give 78 mg of desired product as a solid 

a residue, which was sonicated in 30 ml of ethyl acetate. having m.p. 180* (dec.) and \q\jP' +63* (c, 0.29, metha- 

Filtration of the mixture through a 0.2 fim Nylon filter 5 nol). 

(Rainin 66) layered with Celite and glass wool, and Anal. calcU for CnHi3lN2O4-0.32 H2O 

concentration in vacuo gave 544 mg of crude desired C, 35.72; H, 3.72; N, 7.58. 

product as a residue. Found: Q 35.97; H, 3.55; N. 7.32. 

C. Zinc - Titanium Tetrachloride-Dibromomethane jq EXAMPLE 5 

Complex (Preparation 2) [lS.[la(E),3a,4)5)]-5K2-Bromocthenyl)-l.[4-hydroxy- 

This complex was prepared by a modification of the 3-(bydroxymethyl)>2-methylenecyclopentyl]- 

procedure of L. Lombardo, T&r, Let., 23, 4293 (1982). 2,4(1 H,3H)-pynmidinedione 

Titanium tetrachloride (5.75 ml, 0,0523 mol) was slowly ncri^/c^ -ia a„ a.r\\ ^smx A-T*f« 

added dropwise to a stirred mixture ofrinc dust (10.59 15 \\\^^f^^^I]^^ V^^^ 

g, 0.162 mol) and dibromomethane (4.96 ml. 0.071 mol) .^y'^^-I^^y^fy^^^ 

k dry tetrahydrofuran (150 ml) at -:40- mider nitrogen; thoxy)methyl}cxclopentyl].2,4^o^^^ 

After the addition, the mixture was wanned to 5* over propcnoic acid, methyl ester 

30 minutes and then stirred at 5* under argon for 4 days. A mixture of pal]adium(II) acetate (0.195 g, 0.871 

Theslurry was stored at —20* under argon and warmed 20 ounol), triphenylphosphine (0.456 g, 1.74 mmol) and 

to room temperature prior to use. triethylamine (2.56 ml, 0.0183 mol) in dioxane (200 ml, 

Cv r, ^ - - «M * T J ^ ^ 1 M purified on basic alumina and degassed in vacuo) was 

D. [lS.(la,3a,4«>5.Iodo^ ^ ^. ^^^^ ^^^^ ^ ^^^^^^ 

*^v^l^'^^^^^ llSKla^A3M»M-[2.hydroxy^henylmethox. 
cyclopentyl].2.4(lH,3H)-pynmidmedione ^5 y).3.[(phenylmethoxy>methyl]cyclopentyl.5.iodo. 
To a solution of [lS-(la,3a,4j5)]-5.iodo-l-[2-oxo-4- 2,4(lH,3H)-pyrimidine-dione (6.70 g, 0.0122 mol, dried 
(phenylmcthoxy>3-[(phenylmethoxy)-methyl]cy- by concentration in vacuo from dry toluene) and 
clopentyl]-2,4(lH,3H>pyrimidinedione (428 mg, 0.783 methyl acrylate (3.23 ml, 0.0366 mol) in degassed diox- 
mmol, dried by concentration in vacuo from dry tolu- ane (20 ml) was added, and the reaction was heated at 
cne and tetrahydrofuran) in dry dichloromethane (9.5 30 90' for 4.5 hours. Cditc (5 g) was added, and after stir- 
mi) was added the slurry of zinc • titanium tetrachloride ring at 90* for 15 minutes, the hot slurry was filtered 
- dibromomethane complex in tetrahydrofuran (Prepa- through Celite and washed with chloroform (80 ml), 
ration 2, Example 4C) (7.83 ml, 2.35 mmol). The mix- The filtrate and the wash were combined and concen- 
ture was stirred at rccin temperature under mtrogcn for tratcd in v^acuo to a residue, which was dissolved in 
3 hours, and then it was slowly poured into a mixture of 35 chloroform (400 ml). The chloroform was washed with 
saturated sodium bicarbonate (100 tnl) and dichloro- water (100 ml), dried (sodiimi sulfate) and concentrated 
methane (75 ml). The mixture was stirred for 1 hour and in vacuo to a residue. Chromatography of the residue 
filtered through Celite using dichloromethane. The on a colunm of Merck silica gel (800 ml, packed in 
layers in the filtrate were separated, and the aqueous dichloromethane) by eluting with a gradient of chloro- 
layer was extracted with ethyl acetate. The organic 40 form to 5% cthanol in chloroform gave 2.21 g of de- 
layers were combined, dried (sodium sulfate), and con- sired product as a residue, 
ccntrated in vacuo to a residue. Chromatography of the r ' 
residue on a column of Merck silica gel (100 ml, packed r» , 1 ^ om -1 r^' ^ . j * 
in dichloromethane) using a gradient of 1% to 5% etha- , ^^f'^'^^^i^'^t^^^^^^ 
nol in dichloromethane afforded 243 mg of desired 45 hydroxy.4.(ph«iylmethox)0-H^^^^^ 

thyllcyclopentyq-2,4^^^^^^^ 

methylen^clopentyl]-5.iodo.2,4(lH, 5^ niethoxy)methyl]cyclopcntyl]-2.4Kiioxo.5- 

3H)-pynmidmcdione pyrimidinyl]-2-propenoic acid, methyl ester (2.98 g. 

To a solution of [lS-(la,3a,4i5)]-5-iodo-l-[2-methy- 5.88 mmol), tetrahydrofuran (45 ml), and 2N potassium 

lene'4-(phenylmethoxy)-3*[^henylmethoxy)-methyl]> hydroxide (29.4 nil, 58.8 mmol) was stirred at room 

cycIopentyl]-2,4(lH,3H)-pyrimidinedione (200 mg, temperature under nitrogen for 2.5 hours. After cooling 

OJ68 mmol, dried by concentration from toluene) in 55 the mixture to 0*, the pH was adjusted to 2 using 6N 

dichloromethane (7.5 ml) at —78* under nitrogen was hydrochloric acid. The tetrahydrofuran was removed 

added, over 3 minutes, IM boron trichloride in dichlo- in vacuo, and the mixture was diluted with water and 

romethane (3.68 ml, 3.68 mmol). The reaction was extracted with ethyl acetate (3x200 ml). The ethyl 

stirred for 2 hours at —78*, and then methanol (10 ml) acetate extract was dried (sodium sulfate), and concen- 

was added over 5 minutes. The reaction was warmed to 60 trated in vacuo to give 3.14 g of desired product as a 

room temperature over 20 minutes and evaporated in residue, 

vacuo to a residue. The residue was concentrated from ^ 

methanol (3X10 ml) and dissolved iii meOwnol and [is.ria(EU^,3a,4i31]-5-(2-Bromoethenyl>l-[2- 

water The pH was adjusted to 7.1. usmg 0.1 M potas- hyi'4y!^£SoxV)-3-[(ph«yl.^^^^^^ 

Slum hydroxide, and the mixture was concentrated to 65 ' n^T i ^ uiciuwAy^mc 

remove methanol and appUed to a column of CHP 20P thyl)cyclopeatyl}-2.4(lH.3H>pyrumdmedione 

resin (50 ml) packed in water. Elution with a gradient of Potasshim bicarbonate (1.76 g, 17.64 mmol) and N- 

water to 50% jnethanol in water gave 69 mg of desired bromosuccinimide (1.05 g, 5,88 mmol) were added to a 
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solution of [lS-[la(E),2A3a,4jS)]-3-Il,2.3.4-tctrahydn> 15% ethyl acetate in chloroform afforded 400 mg of a 

l-[2-hydroxy-4-(phcnylmcthoxy>3-[(phenyhnethoxy> solid consisting of 362 mg of desired product and 38 mg 

methyl)cy clopcntylj:^2,4^ox o-5^ of 1,3-dicyclohexylurea. 
"'propraSracid (2.8918, 3:STB'mmol» dried by coiicentra- 
tion in vacuo from dry dimethylformamide) in dry di- S ^* 

methylformamidc (35 ml), and the mixture was stirred lS-[(E),3o,4j3)]-5-{2-Bromoethenyl)-l-[4-hydroxy-3- 

at room temperature under nitrogen for 2 hours. Filtra- (hydroxymethyl)-2-mcthylenccyclopentyl]-2.4(lH,3H> 
tion of the reaction mixture and concentradon of the py ri mid i ned i one 
ffltrate in vacuo gave a r«idue, which was chromato- jo a solution of the a^wve preparation containing 362 
* «>l^^<>f ^erc>c Sihca gel (400 ml, 10 (o.769 mmol) of IlS-[la(E),3a,4j5]].H2-bromoe. 

packed m dicWoromethime) by eluuon untth a gradient thenylM.[2-methyIenc-Kphenyhnethoxy> 3-[(phenyl- 

of dichloromcthane to 5% cthanol m dichloromethane «^K™\,«-f»i«ii,,«^i«,wi«t«ii n a/\u iv^^^^iAi^l^ 

to give a 1.59 g fraction containing desired product and P'^o*y)°>cthyl]cyclopentyl].2,4( 

su^^de afd a 620 mg fraction consisting o?^rSe J^me (dned by «,ncento^^^^ 

desired product Chromatography of the 620 mg frac- 15 ^J^^^f^^'^^^*?^ '^I'^f^^'lZ^'^ 

tion on Merck silica gel (100 ml in dichloromctiumc), ^^J^"^}}^ boron tochlonde m dicmoromethane 

using the aforementioned gradient, gave a fraction con- ^'^^'^^ ^'^^ °^°^)- ^^^^ mixture was stoned at -78 
taining 120 mgofdesired product and succinimide. The ^ hour,-«id then methanol (12 ml) was slowly 

1.59 g fraction «nd the 120 mg fraction were dissolved •dded. After warmmg the solution to room temperature 

in dichloromcthane (100 ml), and the solution was 20 o^cr 30 minutes, the solvents were removed in vacuo 

washed with dilute sodium thiosulfate (50 ml), IM po- leaving a residue, which was concentrated in vacuo 
tassium bicarbonate (3 X 50 ml) and water (50 ml), dried methanol (2 X 20 ml). The residue was taken up in 

(sodium sulfate) and concentrated in vacuo to give to methanol and water, the pH was adjusted to 7 using 

give 1.56 g of pure desired product. O.IN potassium hydroxide. After concentration in 

25 vacuo to remove methanol, the aqueous suspension was 

no n Aon^,^^' , m apphed to a colunm of CHP 20P rcsin (40 ml, packed in 

[lS.[lap,3M^n;H2.Bromoe^^^ water). Elution of the column with a gradient^f water 

* clSL^t^flti^^^ ^ methanol-water afforded 78 m?of pure desired 

clopentyIJ-2,4(lH,3H>pynmidmedione ^^^^^ ^^^^ Chromatogra- 

1,3-Dicyclohexylcarbodiimide (1.55 g. 7.5 nunol) and 30 phy of the 92 mg fraction on GHP 20P resin (40 ml, 
mcthylphosphonic acid (120 mg, 1,25 mmol) were packed in water) using a gradient of 30-60% methanol 
added to a solution of [lS-tla(E),2y3,3a,4;3]]-5-(2- in water provided an additional 21 mg of pure desired 
bromoethenyl>l-[2-hydroxy-Hphcnyhnethoxy>3- product for a total yield of 99 mg of desired product 
HnhenvlTnetho3tv'hnethvltcvclOT>«ntvll-2-4/^lH-3WV i , ^'^on* j r_i . 

pynmidmedione (1.32 g. 2.5 mmol, dned by conccntra- 35 ^nal. calcU for CnHi5N204Br.l.5 H2O: C, 44.81; 
toon m vacuo from dry toluene) m dry dunethyl sulfox- 4^51- n 8.04. 
idc (10 ml), and the mixture was stirred at room temper- Foim'd: C 44.94- H 4.31- N 7.91. 
ature under nitrogen for 5 hours. A solution of oxalic ' ' 

acid dihydrate (30 mg) in methanol (4 ml) was added, EXAMPLE 6 

and stirring was continued for 2 hours. The reaction 40 [iR^ia,3a,5«].3K6.Amino.9H-purin.9.yl).5.hydroxy. 
was filtered, andthe prcx^pitoitc was washed -^th di- ' ^ 2.metiiylenecyclopent^emethLioI 
chloromethane. The combined filtrate and wash (ca. 80 mcmyicnccywopcnuuiciucuiaaui 
ml) was washed with water (4X40 ml), dried (sodium A. 
sulfate), and concentrated in vacuo to give 1.45 g of lS-(la^j5,3a,5j8)-5H6-Amino-9H-purin-9-yl>3- 
crude desired product as a residue. 45 (phenylmethoxy)-2-[(phcnylmethoxy)methyl]- 

g cyclopcntanol 

[lS-Ila(E),3a,4^]].5-(2-Bromoethenyl>l-[2-methy- To [lSKla^A5a)>3-{phenylmethoky)-2- 

lene-4-0)henylmethoxy>3-[(phenyl [(phcnylmethoxy)mcthyil-6^XAbicyclo[3.1.0Jhexane 

metiioxy)mcthyl]cyclopcntyl]-2,4(lH,3H>pyrimidined- ^ (1-82 g, 5.85 nmiol, dried by concentration in vacuo 

ione from dry toluene) in 41 ml of dry dimethylformamide 

To a solution of [lS-[la(E),3a,4)5]]-5-(2-bromoe. T^'' ^'^^ « ^rVL™'^^ f !!^^' 

thenyI>l-[2K,xoMKpheliyhiethoxy)S.[(p^^^ foUowed by 31 mg (3 9 ^ol) of hthii^ hydnde. The 

y)methyl]cyclopentyl1.2,4(lH,3H>pyrimidinedione "'"^ P^«^ m a bath at 60 and the tern- 

(1.45 g crude, dried by concentration in vacuo from dry 55 increased to 130'. After 19 hours at 130% 

toluene) in dry dichloromethane (30 ml) was added a ™^ °«>^«^ to 40 . and acetoc acid (0.29 ml, 

slurry of zinc - titanium tetrachloride - dibromomethane ^ then added. The dmiethylfonnamide was 

complex in tctrahydrofuran (Preparation 2. Example removed in vacuo, and the residue was tritorated wititi 
4C) (25 ml. 7.5 mmol). The reaction was stined at room dichloromethane. Filtration of this triturate gave 1.60 g 
temperature under nitrogen for 5 hours and poured into 60 of insolubles and 3.01 g of a residue from concentration 
a xmxture of saturated sodium bicarbonate (200 ml) and of the filtorate. Chromatography of the 3.01 g fraction on 
dichloromethane (200 ml). After stirring for 45 minutes, • column of Merck nlica gel (1 60 g, packed in dichloro- 
the mixture was filtered through Celite. The layers in methane) by eluting with dichloromethane and then 3% 
the filtrate were separated, the organic layer was methanol in dichloromethane afforded 1.26 g of desired 
washed with water (200 ml), dried (sodium sulfate), and 65 product as a residue. Trituration of the 1.60 g fraction 
concentrated in vacuo to a residue. Chromatography of with dichloromethane, filtration, and evaporation of the 
the residue on a column of Merck silica gel (600 ml, filtrate gave 77 mg of additional desired product as a 
packed in chloroform) using a gradient of chloroform to residue. 
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nc/t -^e>^ cDMcrr/A i • s att • n n chloromethane (80 ml) was added, and the mixture was 
[lS-<la,2A3aA^)]-^I6K^^ stirred at room temperature for 50 minutes. The mixture 

3Kphcnylmethoxy>2-[(phenylmethoxy)methyI]cy- ^ through CcUtc. using dichloromethane. and 

clopentanol ^j^^ j^y^^ ^ filtrate were separated. The aqueous 

To a stirred solution of [lS-(lay2j3,3ayS^)]-S-(6- 5 layer was extracted with dichloromethane and all di- 
amino-9H-purin-9-yl)-3-(phenylmethoxy)-2-{(phenyl- chloromethane layers were combined, dried (magne- 
methoxy)methyl]cyclopentanol (1.33 g, 3 mmol, dried sium sulfate) and concentrated in vacuo to a residue, 
by concentration in vacuo from dry pyridine) in dry Chromatography of the residue on a column of Merck 
pyridine (IS ml) at room temperature under argon was silica gel (38 g, packed in dichloromethane) by elution 
added, dropwise, chlorotrimetbylsilane (1.91 ml, 15 10 with a gradient of dichloromethane to 3% methanol in 
mmol). After 30 minutes, acetic anhydride (1.41 ml, 15 dichloromethane gave 48 mg of pure desired product 
mmol) was added, and the mixture was stirred at room and 173 mg of impure desired product Chromatogra- 
temperature for 3 hours. The mixture was cooled to phy of the 173 mg fraction on a column of Merck silica 
0*-5* , and water (3 ml) was added dropwise. Stirring gel (13 g) using the aforementioned gradient gave an 
was continued for 5 minutes, and then 29% ammonium IS additional 28 mg of desired product as a residue for a 
hydroxide (3 ml) was added. After stirring for 25 min- total yield of 76 mg of desired product 
utes, the mixture was concentrated in vacuo to a red- _ 
due, which was taken up in dichloromethane and 5% ^a^^ a • «tt • « * t_ j 

aqueous potassium bicarbonate. The layers were scpa- [lMla.3a.5«].3-<<^Animo.9H.punn-9.ylV5^^ 
rated, and the aqueous layer (pH 7,5) was extracted 20 2-methylenecycIopentanemethanol 
with dichloromethane (3X). The dichloromethane lay- A solution of IM boron trichloride in dichlorometh- 
ers were combined, washed with 5% potassium bicar- ane (3.2 ml, 3.2 mmol) was added dropwise over 4 min- 
bonate, dried (sodium sulfate) and concentrated in utes to a stirred solution of [lS-(la,3a,4;3)}-9-[2-methy- 
vacuo to a residue. Chromatography of this residue on lene-4-(phenylmethoxy)-3-[^henylmetboxy)methyl]cy- 
a column of Merclc silica gd (130 g, packed in dichloro- 25 clopentyl]-9H-purin-6-anune (142 mg, 0.32 mmol) in 6.5 
methane) by elution with a gradient of dichloromethane. ml of dry dichloromethane at ^70* ' under argon, and 
to 5% methanol in dichloromethane gave 1.23 g of the mixture was stirred at —70* for 1.5 hours. Dry 
desired product as a residue. methanol (6 ml) was added over 3 minutes, and then the 

mixture was warmed to room temperature and concen- 
^ * V * r.- ^ A r*i . V rtTT ■ ft « 30 trated in vacuo to a residue. The residue was concen- 
[IK^la^ip SayHHA^^ ^^^^ three 6 ml portions of methanol 

(phenyhnethoxy>2-(phenylmethoxy)methyl]cyclopen. ^ ^ methanol (4 ml) and water (2 ml). 

The pH was adjusted to 8.8 using IN potassium hydrox- 
1,3-Dicyclohexylcarbodiimide (773 mg, 3.75 nmiol) ide, and the mixture was concentrated to a residue, 
and methylphosphonic acid (60 mg, 0.63 mmol) were 3S which was applied as a susp>ension in water to a column 
added to a solution of [l&<lo^2)3,3a,S^)]-5-[6- of CHP-20P resin (17 ml, packed in water). Elution 
(acetylamino)-9H-purin-9-yl]-3-(phenylmethoxy)-2- with a gradient of water to 20% methanol in water 

[(phenylmethoxy)methylcyclopentanol (610 mg, 1.25 afforded, after lyophilization, 35 mg of desired product 
nmiol, dried by concentration in vacuo from dry di- as a solid having m.p. 52*-58*. 
chloromethane-toluene (1:1)) in 2 ml of dry dimethyl 40 tsyatutpt p 7 

sulfoxide, and the mixture was stirred at room tempera- EXAMPLE 7 

ture under argon. After 4 hours, dry methanol (1.5 ml) lS-[la(E),3a,4jS)]-l-[4-Hydroxy-3-(hydroxy- 
and oxalic acid dihydrate (15 mg) were added, and the methyI>2-methylenecyclopentyl]-5-(2-iodo-ethenyl> 
mixture was stored at — 20' under nitrogen for 1 6 hours. 2,4(lH,3H>pyrimidinedione 
The mixture was then stirred at room temperature 45 a / x t^^. • i. 

under argon for 4 hours and filtered using dichloro- ^' (->Dusopmocampheylborane 

methane. Evaporation of the filtrate gave a residue, (— >-Diisopinocampheylborane was prepared using 
which was taken up in dichloromethane. The dichloro- (lR)-(-|-)-a-pinene of optical purity 98+% (lo\iP 
methane solution was washed with water, dried (so- H-50.7' (neat)). A solution of 616 ml. of 1.0 M borane 
dium sulfate), and concentrated in vacuo to a residue. SO tetrahydrofuran complex was added to (lRH+)-a- 
Addition of dichloromethane, followed by filtration and pinene (185 g., 1.36 mol.) at 0**5* under nitrogen, and 
concentration in vacuo afforded 629 mg of crude de- the reaction was stirred overnight at 5* to give the 
sired product as a residue. desired product as a crystalline slurry. 

D. 55 B. 

[lS-(la,3a,4j5)]-9-[2-Methylene-4-(phenyl-methoxy>3- (lS-trans)-2-(Phenyhnethoxy)methyl]-3-cyclopenten-l- 
[(phenylmethoxy)methyl]cyclopentyl]-9H-purin-6- ol 

Cyclopratadienc (39 g., 0.59 mol.) at -20* was added 
To a solution of [2R-(2a,3;3,5a)]-5-[6-(acetylamino)- over 35 minutes to a stirred mixture of 31.0 g. of 40% 
9H-purin-9-yI]-3-(phenylmethoxy)-2-[^henylmethox- 60 sodium sand in mineral oil (0.54 g. atm.) in 264 ml. of 
y)methyI]cyclopentanone (629 mg, dried by concentra- dry tetrahydrofuran at — 15*. The mixture was stirred at 
tion in vacuo from dry tetrahydrofiiran-toluene (1:1)) in — 10* for 1.5 hours, warmed to 0*, and cannulated to an 
20 ml of dry dichloromethane at room temperature addition fimnel at 0*. The mixture was then added over 
under argon was added 12.5 ml of a slurry of zinc - 30 minutes to a stirred solution of benzyl chloromethyl 
titanium tetrachloride - dibromomethane complex in 65 ether (100 g., 0.64 mol.) in 200 ml. of tetrahydrofuran at 
tetrahydrofuran (Preparation 1, Example IH) (3.75 — 50*to — 55*.Themixture wasstirred at — 55* to — 40* 
mmol). The mixture was stirred for 4 hours and and for 1 hour and then cooled to —65*. To this was added, 
pourwl into saturated sodium bicarbonate (80 ml). Di- by cannula over 5 minutes, the crystalline slurry of 
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(— ><lusopinocainpheylborane from step A, which had ml.) was added, the mixture was extracted with dichlo 
been cooled to -60' . The reaction was stirred at -60' romethane (3x500 mL), and the combined dichloro- 
for 1 hour, wanned to —10* and stored at —20* over- methane extracts were washed with saturated sodium- 
night The reaction mixture was stirred for 1 hour at 5* chloride solution (100 ml.), dried (sodium sulfate), and 
and concentrated in vacuo to one half its original vol- 5 concentrated in vacuo to a residue. Chromatography of 
ume. Ether (600 ml.) was added, the stirred mixture was this residue over 1200 ml. of Merck silica gel using ethyl 
cooled to 0% and 188 ml. of 3N sodium hydroxide was acetate-chloroform (1:1) provided 9.5 g. of desired 
added dropwise keeping the temperature below 5*. product as a solid having m.p. 165*. 
Cold 30% hydrogen peroxide (188 ml.) was added 

dropwise over 1 hour keeping the temperature below 10 ^* [lS-[Ia(E),2^^a,4^)]-3-[l,2,3,4-Tetrahydro- 
12*, and then the mixture was stirred for 1 hour longer l-P-hydroxy-Hplienylmcthoxy)-3-[(phenyI-methoxy)- 
while maintaining the temperature below 12* . The • «cthyI]cyclopentyl]-2,4<iioxo-5-pyrimidinyI]-2- 
layers were separated, and the aqueous layer was propenoic acid, methyl ester 

washed with ether. The ether extracts were combined, A mixture of palladium (II) acetate (168 mg., 0.752 
dried(sodium sulfate), and concentrated in vacuo to a IS mmol.), triphenylphosphine (400 mg., 1.52 sunol.) and 
residue (337 g.). Chromatography of this residue on a triethylamine (1.1 ml., 7.9 mmoL) in dioxane (100 ml., 
column of Merck silica gel [2300 g., packed in petro- purified on bi^c alumina and degassed in vacuo) was 
leum ether-ether (2:1)] using petroleum ether-ether (2:1) heated with stirring for 15 minutes at 85* under nitro- 
and then (1:1)] gave fraction A (17.56 g. of impure de- gen. To the red solution was added [IS^la^fi^a^Afi)]- 
sired product), fraction B (1 1.03 g. of pure desired prod- 20 l-[2-hydroxy.4-(phenyhnethoxy>3-Kphenylmethoxy)- 
uct), and fraction C (3.52 g. of impure desired product). methyl]cyclopentyl]-5-iodo-2,4-(lH,3H)-pyrimidined- 
Similar chromatography of fraction A on 800 g. of silica ione from step F (2.90 g., 5.28 mmol., dried in vacuo 
gel. and fraction C on 140 g. of silica gel, gave 8.08 g. over phosphorus pentoxide at 50* for 2 hours) and 
and 2.33 g., respectively, of additional pure desired ' methyl acrylate (1.40 ml., 15.6 nunol.). The mixture was 
product for a total yield of 21.44 g. of title compound. 25 stirred for 7 hours at 80% 2 hours at 90% and then at 
^ room temperature overnight. The mixture was filtered 

^ ^ '* trated m vacuo to a residue, which was dissolved m 

The title compound was prepared by foDowing the 30 chloroform (200 ml.). The chloroform was washed with 
procedure in Example IC, but using the preparation of water, dried (sodium sulfate), and concentrated in 
(lS-trans>2-((phcnylmethoxy)mcthyl]-3-cyclopcnten- vacuo to a residue. Chromatography of this residue on 
l-ol from step B above. This afforded the title com- a column of Merck silica gel (600 ml., packed in dichlo- 
pound with [a]ir2 -j-4S.0' (c, i.O, CKCla) and optical romethane) by eluting with a gradient of dichlorometh- 
purity of 94%. [See S.K. Biggadike et al., J. Chcm. Soc. 35 ane to 5% ethanol in dichloromctharie gave 1.54 g. of 
Perkin Trans. 1, 549 (1988)]. desired product as a foamy solid. 

I>. H. lS-Ia(E),2i3,3a,4)3)]-3-l,2,3,4-Tetrahydro- 

[lS-(la^3;3,5a)]-3-(Phcnyhnethoxy)-2-[(phenyhne- l-2-hydroxy-4-0F>henylmethoxy>3-(phcnyl-methoxy)- 

thoxy)mcthyl]-6^xabicyclo3. 1 .0]-hexanc ^ methyl]cyclopcntyl]-2,4-dioxo-5-pyrimidinyl]-2- 

The tiUe compound was prepared by following the propenoic acid 

procedure in Example ID, but using the preparation of The title compound was prepared by following the 
[lS-(lc^2a,3)3,5a))-2-[(phenyhnethoxy)methyl]-6-oxa- procedure in Example 5B, but using the preparation of 
bicyclo[3.1.0]hexan-3-ol from step C above. [lS-[la(E),2)3^a,4j3)]-3-[l,2,3,4-tctrahydro-l-[2- 

_ 45 hydroxy-4-(phenylmethoxy)-3-[(phcnylmethoxy)me- 

[lS-(la^)3.3a,4^)].l-[2.Hydroxy^henyl.methoxy). thyl]-cyclopentyl].2^^^^^^ 

3.[ffiySie\hoximeU^^^^^^ P^I^^^*^ "^^^^^ «^ ^^"^ ^ "^^^ 

3H>-pyrimidinedione I. [lS-la(E),2^^4)3]]-l-[2-Hydroxy-4-phcnyl 

The title compound was prepared by following the 50 n»ethoxy>3-(phenylmethoxy)mcthyl}cyclopcntyl]-5-(2. 
procedure in Example 3A, but using the preparation of iodoethenyl>-2.4(lH,3H)-pyTimidinedione 
[lSKla^3)3»5a)]-3-(phenylmcthoxy>2-[(phenyl- To a stirred solution of [lS-[lo(E),2^^4)5)]-3- 

methoxy)methyl.6-oxabicyclo[3.1.0]hexane from step (l,2,3,4-tctrahydro-l-[2-hydroxy.4.(phcnybnethoxy)-3- 
D above. [(phenylmethoxy)methyI]cyclopentyl]-2,4^xo-5- 

p 55 pyrimidinylJ-2-propcnoic acid from step H (500 mg., 1.0 

1 c /I . ^ o 4. >f 0\i 1 u J J f I. ■ 1 ^ mmol., dried by concentration in vacuo from dry di- 

To a solution of [lS-(la^A3a,4^)]-H2-hydroxy-4- 60 for 30 minutes, and then N-iodosuccinnnide (225 mg., 
(phenylmethoxy)-3-[(phcnylmethoxy)inethyl]- 1,0 mmol.) was added. The mixture was stirred at 50* 

cyclopentyl]-2,4(lH,3H>pyrimidinedione from step E for 4 hours, additional N-iodosuccinimide (113 mg., 0.5 
(1 1.99 g., 28.41 mmol.) in dry dioxane (455 ml.) was mmol.) was added, and heating at 50* was continued for 
added iodine (14.44 g., 56.85 mmol.) and 0.8 N nitric 4.5 hours. The mixture was stirred overnight at room 
acid (59.6 ml., 30.3 mmoL)- The reaction was heated at 65 temperature and then filtered. The solids were washed 
90* for 2 houn and cooled to room temperature. A with dimethylformamide (20 ml.), and the combined 
saturated solution of sodium thiosulfate (25 ml.) was filtrates were concentrated in vacuo to a residue. The 
added untO a light orange color persisted. Water (450 residue was taken up in chloroform (125 ml.), and the 
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chloroform solution was washed with IM potassium The mixture was stirred at —78* for 1 hour, and then 

bicarbonate (3x20 ml.) and water (25 ml.)* dried (so- methanol (9 ml.) was slowly added. After warming the 

dium sulfate), and concentrated in vacuo to a residue. solution to room temperature over 30 minutes, the sol- 

Chromatography of the residue on a column of Merck vents were removed in vacuo leaving a residue, which 

silica gel (75 ml., packed in dichloro-methane) by elut- 3 was concentrated in vacuo from toluene (3x10 ml.), 

ing with a gradient of dichloromethane to 3% methanol The residue was taken up in methanol (24 ml.) and 

in dichloromethane gave 350 mg. of desired product as water (18 ml.), and the pH was adjusted to 7 using 1.0 N 

a foamy solid. potassium hydroxide. After concentration in vacuo to 

J remove methanol, the aqueous suspension (15 mL) was 

ri Q.1 n,rp^ -xrr API! ^j'j Jr^r^fh^^^\.^ fj^xn^ appllcd to a columD of CHP 20P resin (48 ml., packed in 

(p^^yl^SS^f^lS^^ wat«O.Bution of the column with a g^^^ 

tyIR4(m.3IO"Pyrimic&one to 40% methanol m water and concentomon of appro- 

lyij ^,f^in,^nrpyiuimuuzwuiic fractions in vacuo gave 99 mg. of desu-ed product 

1,3-Dicyclohexylcarbodiimide (868 mg., 4.2 mmol.) as a sticky sohd. This solid and 10 mg. of sticky desired 

and methylphosphonic acid (67.2 mg., 0.7 mmol.) were 15 product from a giTTinar reaction were combined and 

added to a solution of [lS-[la(E),2)5,3a,4^B-l-[2- dissolved in 60% methanol in water. Concentration of 

hydroxy-4-(phenylmethoxy>3-[(i>henylmcthoxy)me- this solution to approximately 8 ml. gave a solid, which 

thyI]-cyclopentylJ-5-(2-iodoethenyl>2,4{lH.3IO- was collected and dried in vacuo providing 89 mg. of 

pyrimidinc-dione (805 mg., 1.4 mmol., dried by conccn- desired product having m.p. 180"- 185* dec. and 

tration in vacuo from dry toluene) in dry dimethyl sulf- 20 [alip^ +75.7^0, 0.3, methanol), 

oxide (5.6 ml.), and the mixture was stirred at room Anal. calcU for C13H15IN2O4: C. 40.02; H, 3.87; N. 
temperature under nitrogen for 6 hours. A solution of 7.18. 

oxalic acid dihydrate (16.8 mg.) in methanol (2.2 ml.) Found: C, 39.81; H, 3.61; N, 7.01. 
was added, and stirring was continued for 2 hours. The 

reaction was filtered, the precipitate was washed with 25 EXAMPLE 8 

dichloromethane (30 ml.), and the combmed filtrate was lS-[la(E),3a,4)5)]-5-(2-Chlorocthenyl)-l-[4-hydroxy-3- 

washed with water (4x25 mL), dried (sodium sulfate). (hydroxymethyl)-2-mcthylenecyclo-pentyl]- 

and concentrated in vacuo to give 930 mg. of crude 2,4(lH,3H)-pyrimidinedione 

desired product as a foamy residue. ^ 

K. . ^ [lS-[la(E),2)5,3a,4)5]].5-(2-Chloroethenyl)-l-[2- 

I S- 1 a(E),3 a,4j5]]-5-(2-IodoethenyI)- 1 -[2-methylene-4- hydroxy-4-(phenylmethoxy)-3-[(pheny l-methoxy)me- 
(phenyImethoxy)-3-[(phenyI-methoxy)methylJcy- thyl]cyclopentyI]-2,4(lH,3H)-pyrimidinedione 

clopentyll-2,4(lH,3H).pyrimidinedione ^ Potassium bicarbonate (1.55 g.. 15.5 mmol.) and N- 

1 o a solution of the crude preparation of [1 S-[ia(,±i),- 35 chjorosuccinimide (760 mg., 5.69 mmol.) were added to 

3a,4;3]]-5-(2-iodoethenyl)-l-[2-oxo-4-(phenylmethoxy)- a solution of [lS-[la(E),2^,3a,4yS]]-3-[l,2.3,4-tetrahy- 

3-[(phenylmethoxy)methyl]-cyclo-pcntyl]-2,4(l H,3H)- dro-l-[2-hydroxy-4-(phenylmethoxy)-3- [(phenylme- 

pynmidinedione from step J above (930 mg., dried by thoxy)methyl]cyclopentyl]-2,4-<lioxo-5-pyrimidinyl]-2- 

concentration in vacuo from dry doluene) in dry dichlo- propenoic acid (preparol as described in Example 7H, 

romethane (17 ml.) was added a slurry of 0.3M zinc - 40 2.54 g., 5.17 mmol., dried by concentration in vacuo 

titanium tetra<hloride - dibromomethane complex in from dry dimethylformamide) in dry dimethylformam- 

tetrahydrofuran (Preparation 2, Example 4C) (14 ml., ide (52 ml.), and the mixture was stirred at room tern- 

4.2 mmol.). The reaction was stirred at room tempera- perature under nitrogen for 17 hours. The mixture was 

ture under nitrogen for 5 hours and poured into a mix- cooled to room temperature and filtered, and the filtrate 

ture of saturated sodium bicarbonate (1 12 ml.) and di- 45 was concentrated in vacuo to a residue. The residue was 

chloromethane (1 12 ml.). After stirring for 35 minutes, dissolved in ethyl acetate (750 ml.) and water (250 ml.), 

the mixture was filtered through Cclite, The layers in and the pH was adjusted to 2 using 0.1 N hydrochloric 

the filtrate were separated, and the organic layer was acid. The ethyl acetate layer was washed with water, 

washed with water (2x50 ml.), dried (sodium sulfate), dried (sodium sulfate), and concentrated in vacuo to a 

and concentrated in vacuo to a residue. Cfaromatogra- 50 residue. Chromatography of this residue on a column of 

phy of the residue on a column of Merck silica gel (100 Merck silica gel (150 ml., packed in dichloromethane) 

ml., packed in chloroform) using a gradient of chloro- by clution with a gradient of dichloromethane to 3% 

form to 15% ethyl acetate in chloroform afforded 400 edianol in dichloromethane afforded 596 mg. of desired 

mg. of a solid consisting of 299 mg. of desired product product as a foamy solid, 
and 101 mg. of 1,3-dicyclohexylurea. 55 ^ 

L. [lS-[la(E),3a,4)5])-5-(2-ddoroethenyl)-l-[2^xo-4- 
[lS-[la(E),3o,4jSl]-l-[4-Hydroxy-3-(hydroxy-methyl)- (phenylmcthoxy)-3-[(phenylmethoxy)methyl]- 
2-methylenecyclopentyl]-5-(2-iodo-ethenyl)- cyclopentyl]-2,4(lH.3H)-pyrimidinedione 

2.4(lH,3H>pyrimidincdione ^ l,3.Dicyclohcxylcarbodiimide (806 mg., 3.9 mmol) 

To a solution of 400 mg. of the preparation from step and methylphosphonic acid (62.4 mg., 0.65 mmol.) were 

K, containing 299 mg. (0.525 mmol.) of [lS-[la(E),- added to a solution of [lS-Ila(E),2)5,3a,4^]]-5-(2- 

3a,4)3]]-5-(2-iodoethenyl)- 1 -[2-methylcne-4^phcnylme- chloroethenyl)-l-(2-hydroxy-4-(phenylmeUioxy)-3- 

thoxy)-3-[(phenylmethoxy)mcthyl]cyclo-pentyI- [(phenyhnethoxy;^ethyl]<yclopcntyU2,4(lH,3H)" 

2,4(lH,3H)-pyrimidinedione (dried by concentration in 65 pyrimidinedione (631 mg., 1.3 nunoL, dried by concen- 

vacuo from dry toluene), in 7.5 mL of dry dichloror tration in vacuo fi-om dry toluene) in dry dimethyl sulf- 

methane at —78* under nitrogen was added IM boron oxide (5.2 ml.), and the mixture was stirred at room 

trichloride in dichloromethane (5.76 ml., 5.76 mmol.). temperature under nitrogen for 5 hours. A solution of 
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oxalic acid dihydratc (15.6 mg.) in methanol (2.1 ml.) product as a white solid having m.p. 22r-223*(ec.) and 

was added, and stirring was continued for 3 hours. The (c. 0.3, methanol), 

reaction was filtered, and the precipitate was washed Anal, calc'd. for Ci3Hi3aN204C, 52.27; H, 5.06; N. 

with dichloromethane (3x 130 ml.). The combined fil- 9.38. 

tratc and washes were washed with water (4x40 ml.), ^ Found; C, 52.03; H, 4.87; N, 9.28. 
dried (sodium sulfate), and concentrated in vacuo to EXAMPLE 9 
give 850 mg., of crude desired product as a foamy resi- 
due. Treatment of Viral Infection in Cell Culture in Vitro 

Q 10 Assays were performed in cell culture systems to 

IlS-[la(E),3a,4j3]]-5-(2-Chlorocthenyl)-l-[2-methy- determine the concentrations of compounds that arc 
lene4^hcnylmethoxy>.H(pbcnyl-methoxy)methyl]- preventing several kinds of viral infections. 

cyclopentyl].2,4(lH,3H>pyrimidinedione '^^ "^^^ described bdow, and the results are 

presented in Table 1. 

To a solution of the crude preparation of [lS-[la(E), 13 
3a,4)5]].5-(2-chloroethenyl)-l-[2-oio4<phcnyhncthox- Abbreviations 
y)-3-[(phcnylmethoxy)methyl]cyclo-pcntyl)- hSV-1 (herpes simplex virus type 1. strain Schooler), 

2.4{lH,3H>pyrimidinedione from step B above (850 HSV-2 (herpes simplex virus type 2, strain 186), VZV 
mg., dried by concentration in vacuo from dry toluene) ^ (varicella zoster vims, strain ELLEN). HCMV Qiuman 
indry dichloromethane (15.6 ml.) was added a slurry of cytomegalovirus, strain AJD 169 HTV (human im- 
0.3M zinc - titanium tctra-chloride - dibromomcthane mununodcficiency virus, strain HTLV-IIIB). 
complex in tetrahydrofuran (Preparation 2. Example 

4C) (13 ml.. 3.9 mmol.). The reaction was stirred at CcU Culture Assays 

room temperature under nitrogen for 5 hours and 25 HSV-1, HSV-2, HCMV and VZV antiviral assays: 
poured into a mixture of saturated sodium bicarbonate Virus was adsorbed to WI-38 cell culture monolayers in 
(145 ml.) and dichloromethane (145 ml.). After stirring 6 well culture plates (Costar, Cambridge, MA) for 1 
for 80 minutes, the mixture was filtered through Celite. hour prior to addition of maintenance medium contain* 
The layers in the filtrate were separated, the organic ing duplicate dilutions of the test compound. Inhibition 
layer was washed with water (2X250 ml.), dried (so- ^ of plaque development was evaluated on fixed and 
dium sulfate), and concentrated in vacuo to a residue. stained monolayers after 4 days incubation at 37* C. for 
Chromatography of the residue on a colunm of Merck HSV-1 and HSV-2, and after 5-7- days incubation at 37* 
silica gel (110 ml., packed in chloroform) by eluting C. for HCMV and VZV. ID50 values were determined 
with a gradient of chloroform to 4% ethanol in chloro- 35 from the drug concentration which conferred at least a 
form afforded 554 mg. of a solid consisting mostly of 50% plaque reduction compared to virus controls, 
desired product (approximately 310 mg.) and 1,3-dicy- HTV antiviral assay: Suspensions of MT-2 cells (S. 
clohexylurea. Harada, et al.. Science. 229, 563 (1985)) were infected at 

a multiplicity of infection of 0.03 TLIDso/cell with 
[lS.[la(E).3a,4^]].5<2-Ch]oroethenyI).l.[4.hydroxy- ^.J^^^^^^jj^^ adsorption for 1-2 

UycioxymethyVmethylene4^^^ "^^"^""Z^^^ 

2.4(lH,3H>pyrimidinedione ^^"^ ^? "jf ^^Ucs Pemcil- 

lin plus streptomycm and 10% fetal calf serum) to give 
To a solution of 554 mg. of the preparation of step C a final cell concentration ofl X 10* viable cells/culture 
above containing approximately 310 mg. (0.65 mmol.) well in the presence of serial dflutions of the test com- 
of [lS-[la(E),3a,4^I]-5-(2^hloro<thcnyl)-l-[2-methy. pound, starting at 100;ig/ml. Triplicate samples at each 
lene-4-(phenyhncthoxy)-3-[(phcnyl-mcthoxy)mcthylcy- dmg concentration were used. Cultures of uninfected 
clopcntyl]-2.4(lH,3H>pyrimidinedione (dried by con- mT-2 ceils were similarly prepared and incubated with 
ccntration in vacuo from dry toluene) in 10 mL of dry serial dilutions of test compound in duplicate. All assays 
dichloromethane at -78' under nitrogen was added 1 were performed in 96 well disposable cell culture pLites. 
M boron trichloride in dichloromethane (7.2 mL, 7.2 Untreated Onfected and uninfected) cells were included 
mmol.). The mixture was stirred at —78* for 1 hour, and as controls. All cultures were incubated for 7 days at 37* 
then methanol (5.5 ml.) was slowly added. After warm- C. in a humidified atmosphere containing 5% OO2. 
sng the solution to room temperature over 30 minutes, 55 Following incubation, viable cell numbers were 
the solvents were removed in vacuo leaving a residue, counted in each well using a colorimetric assay foUow- 
which was concentrated in vacuo from methanol ing incubation of cells with XTT-PMS solution (XTT 
(4X5.5 ml.) and then toluene (2X8 ml.). The residue tetrazolium reagent plus phenazine methosulfate FMS). 
was taken up in methnaol (26 ml.) and water (20 ml.), Percent reduction of viral cytopathic effect (CPE) m 
and the pH was adjusted to 7.2 using IN potassium drug treated compared to untreated virus infected cells, 
hydroxide. The solution was concentrated in vacuo to a and percent reduction of cell viability in drug treated 
suspension (15 ml.), which was applied to a column of uninfected cells compared to untreated controls were 
CHF 20P resin (48 ml., packed in water). Elution of the calculated and plotted versus the drug concentrations 
coliunn with a gradient of water to 60% methanol in ^5 tested. From these plots, the ID50 (the minimiim drug 
water and concentration of appropriate combined frac- concentration that inhibits CPE by 50%) for each drug 
tions to approximately 10 nzl. gave a solid, which was was calculated. 2\3'-Dideoxycytidine and 3'-azido-3'- 
coUected and dried in vacuo to afford 65 mg. of desired deoxythymidine were used as a positive drug controls. 
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TABLE 1 



HOCH2, 
H 




HO H 



IDsoCuM) for the following viroaes 

HSV-1 HSV-2 VZV HCMV HIV 



3.6 7^-18 18-36 90 



NH 
N *^NH2 



NH2 191-383 191-383 >96 >38 



NH2 



4.2-8.4 2.1-4.2 42-41 2.M.2 NA 



HN 



O 
II 



O N 
I 




CH3 



8-20 40-100 - 40-400 ^396 NA 



6-14 >275 68-137 68-137 NA 



HN 



O N 
I 




HN 



O 
II 



N 
I 



a6-1.5 29-73 0^.6 291 ND 




Br 



aS-U 13-26 0.05-aU >260 ND 



HN 



O N 
I 
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TABLE 1-continued 



HOCH2J 




IDjoCiiM) for the foUowiag viniset 

HSV-I HSV-2 V2V HCMV HIV 



' O a07-0.16 2 1.7 ND ND 



Ul% redaetioo b vinJ CPE at 12 fJ4 and 4% ndnctkiB ta odl viability in -m;..f->«^ cdU. 

reductXNi b viral CPE ai 27 ^ and 23% ndaction id oetl viability id unaTocted ceDc. 
NA - Not active 
ND - Not<j 
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What we claim is: 

1. A compound having the formula 
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-continued 
o 




(T. 



NH 

I N N=CH— N 

35 R4 



O 

or a pharmaceutically acceptable salt thereof wherein J[ 
Riis ^ 



VT 



N NHC— R5, 



NH /^^r^ " N 



lU O 

- N ' ^NH2. " N " ^NHi, 45 N=CH-N^ NHC-Rj 



NH2 



50 ' 



N N NH2, ^ N . O a 



I I 



N "F. 7'^N**^NHj. R4i$alkyl; 



a 0R4 



R5 is hydrogen, alkyl, substituted alkyl, or aryl; and 
lU and R7 are independaoUy hydrogen, — PChH2, or 



^ N *^NH^ V N "^NHj. 
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2. A compound according to claim 1 wherein Ri is 
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3. A compound according to claim 1 wherein Re and 
Rt are independently hydrogen or 

o 
It 

4. A compound according to claim 1 wherein R6 and 
R7 are independently hydrogen or — PO3H2. 

5. A/dompound according to claim 1 wherein R« and 
RT^e hydrogen. 

[/6. A compound according to claim 1 wherein 



!0 



8. A compound according to claim 1, [lS-(la,- 
3a,4^)]-2-amino- 1 ,9-dihydro-9-[4-hydroxy-3-(hydrox- 
ymethyl)-2-mcthylene-cyclopentyl]-6H-purin-6-one. 

9f A compound according to claim 1, (lR-(la,- 
3c45/?)]-3-<6-amino-9H-purin-9-yl)-5-hydroxy-2- 
n/ethylenecyclopentanemethanol. 
\/ 10. An antiviral compodtion ilseful for treating her- 
pes simplex virus 1 and 2, varicella zoster virus, and 
human cytomegalovirus comprising a pharmaceutically 
acceptable carrier and an elective amount of a com- 
2Q pound of the formuila 
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O 

n 



7. A compound according to claim 1 wherein Ri is 




R7OH 



3Q wherein Ri, R^ and R7 are as defined in claim 1. 

11. A method of treating a herpes simples virus 1, a 
herpes simplex virus 2, a varicella zoster virus, or a 
human cytomegalovirus infection in a mammalian spe- 
cies comprising administering an effective amount of 

35 the compositiOu of claim IC. 

» ♦ • « « 
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